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SUMMARY 
The objective of this paper is  to compare nutrient resources that might control phytoplankton species 

composition and succession in two Spanish lakes located in very different geological areas but at the same 
latitude. The lakes, Banyoles and Sanabria, are respectively located on Eocene gypsum carbonate rocks and in a 
Pre-Cambrian regio n dorninated by granitic rock. Their species compositions are quite different: the frrst lake is  
dominated by diatoms, the second by chroococcal cyanobacteria. 

Our hypothesis is that the lirniting nutrient in soft-water Lake Sanabria will be nitrogen, and in the alkaline 
Lake Banyoles, phosphorus (because of its strong precipitation with calcium or coprecipitation with CaC03). 

In order to test this hypothesis we used principal component analyses with physico-chemical and biological 
variables on the one hand and species composition on the other. The results show nitrogen to be the more 
important nutrient, controlling species succession in both lakes. This element is relatively low in both ecosystems 
during the summer. 
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INTRODUCTION 

The factors responsible for the seasonal 
variation of phytoplankton as a whole and 
of its particular component species may be 
grouped roughly as: 1 )  partly independent 
physical factors - that is, temperature, 
illumination, and turbulence; 2) 
interdependent chemical factors - nutrients, 
accessory organic compounds (vitarnins) 
and antibiotics ;  and 3) biological factors -
predation, competition and parasitism 
(HUTCHINSON, 1 967). 

The chemical characteri tics of waters -
soft-water versus alkaline - could be 
important in characterizing regional 

differences in the specific composlbon of 
algal cornmunities ,  as was demonstrated by 
SPARLING & NALEW AJKO ( 1 970) in 
natural lakes or by MARGALEF et al. 
( 1 976) in the phytoplankton 
characterization of Spanish reservoirs. 
Species affinity to water type can be a 
direct effect, such as for example the need 
for Ca by sorne haptophyceae with 
coccolith deposits, or an indirect effect 
related to the pH -carbon dioxide­
bicarbonate systern (REYNOLDS, 1 984) or 
to the control of macronutrients as is the 
case of calcium and phosphorus 
(MARGALEF, 1 983;  A VNIMELECH, 
1 984) . 
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In relation to water chemistry and 
phytoplankton association, most research 
carried out during the first part of this 
century was based on the importance of the 
monovalent to divalent cation ratio. For 
example, commumtIes dominated by 
diatoms were associated with a lower ratio, 
and desmid and chrysophyceae 
communities with a higher ratio 
(PEARSALL, 1 922) . Although cation 
concentrations in the water could be 
important to the regulation of the osmotic 
pressure in algal cells (MARGALEF, 1 983) 
it is more probable that the difference in 
species composition in communities living 
in more or less mineralized waters is 
related more to nutrient availability than to 
the abundance of a specific cation or anion. 
This fact is c1early illustrated by African 
tropical lakes which show a wide range of 
chemical characteristics and resource 
limitations which vary accordingly 
(KALFF, 1 983 ;  KILHAM el al. , 1 986). If 
the physical conditions of the lakes are 
similar, the response of the phytoplankton 
depends on changes in the N:P supply ratio 
(S UTTLE & HARRISON, 1 988) which 
will govern the species succession. 

The objective of our study is to compare 
the nutrient resources that might control 
phytoplankton species composition in two 
Spanish lakes located in very different 
geological areas but at the same latitude, 
ensuring that physical factors controlled by 
annual irradiation are very similar. The 
lakes are Banyoles and Sanabria. 

In order to arrive at this objective we 
used principal component analyses with 
physico-chemical and biological variables 
on the one hand and species composition 
on the other. The data for Lake Banyoles 
were taken from the 1 970- 1 97 1  cyc1e 
(PLANAS, 1 973) and for Lake Sanabria 
from the 1 973- 1 974 cyc1e studied by Planas 
in collaboration with the Comisaría de 
Aguas del Duero (Planas, unpublished 
data). 

Our hypothesis is that the limiting 
nutrient in soft-water Lake Sanabria will be 
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nitrogen whereas in the alkaline Lake 
Banyoles, phosphorus, because of its strong 
precipitation with calcium or 
coprecipitation with CaC03, will be the 
controlling factor. Nitrogen has been found 
to be the limiting nutrient in sorne low 
conductivity temperate lakes where 
phosphorus concentration is very low 
(GOLDMAN, 1 98 1 ) . 

CHARACTERISTICS OF THE LAKES 

Lake Sanabria and Lake Banyoles are 
the largest natural water bodies in Spain. 
Both are pre-alpine lakes and are located 
geographically at 42° 1 '  N - 3° 1 '  W and 
42°7' N - 2°45 ' E, respectively. They are 
situated in very different geological regions 
and have very different origins. Lake 
Sanabria is located in a Pre-Cambrian 
region dominated by granitic rock. It 
occupies the valley excavated by two 
convergent glaciers c 10sed by the Riss 
moraines (MARGALEF, 1 955) .  Lake 
Banyoles is located in Eocene gypsum 
overlying carbonate rocks of the same 
geological periodo It has a karstic origin and 
is the remainder of a much larger Tertiary 
lake (SOLÉ-SABARÍS, 1 958) .  

Water inflow derives mainly from the 
surface (the Tera river) in Lake Sanabria 
and from the bottom in Lake Banyoles 
(PLANAS, 1 973 ; in press).  

The first lake is bigger: its surface area 
is three times, its volume six times and its 
mean depth twice that of Lake Banyoles. 
The renewal time of the water in the former 
is eight times faster that in Lake Banyoles 
due to its geographical location : Lake 
Sanabria is located in the wettest part of 
Spain with a yearly mean precipitation of 
1 446 mm, whereas Lake Banyoles receives 
only 837 mm of rain per year. 

The main anion is sulphate in Banyole�, � 

and bicarbonate in Sanabria. The dominant . 
cations are respectively calcium and 
magnesium. 

According to their respective nutrient 
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concentrations, Lake Banyoles is 
considered to be oligo-mesotrophic 
(PLANAS, 1 973) and Lake Sanabria 
oligotrophic. The major nutrient differences 
are in nitrate and silica concentrations. 
Nitrate concentrations are four times greater 
in Lake Banyoles than in Lake Sanabria. 
Silica, which is very abundant and shows 
strong seasonal variations (0.25 �M to 200 
�M) in the epilimnion of the alkaline lake, 
has a concentration typical of a pre­
Cambrian lake (40 to 7 4 �M) in the soft­
water Lake Sanabria. Phosphorus 
concentration in Lake Banyoles is twice 
that in Lake Sanabria. 

MA TERIALS AND METHODS 

Data used for the two principal 
component analyses (PCA) were integrated 
from samples taken at different depths of 
the euphotic zone of each lake. The 
thickness of this zone varied from 2.6- 1 0  m 
in Lake Banyoles (LB) and from 8- 1 6  m in 
Lake Sanabria (LS) .  The samples carne 
from the deepest station of the euphotic 
zone of each lake : 40 m in Banyoles and 50 
m in Sanabria. 

Lake Sanabria sampling began at the end 
of July 1 973 and finished in mid-October 
1 974. In Lake Banyoles sampling took 
place from the end of October 1 969 to 
January 1 97 1 .  Symbol identification for the 
various dates is given in Table I .  

For the chemical and biological methods 
used in Lake Banyoles see PLANAS 
( 1 973) ;  the same methods were used for 
Lake Sanabria. The first lake was sampled 
fortnightly, the second every three weeks 
during stratification and monthly during the 
winter periodo 

The variables used for the 
physico-chernical-biological principal 
component analysis (PC-PCA) were: the 
nutrients, phosphorus (P04) measured as 
total oluble reactive phosphorus and 
nitrogen (N03 = nitrates + nitrites); water 
transparency (SD); phytoplankton biomass, 

T ABLE I. Lakes Banyoles and Sanbria sample number 
identification. * Mixing periodo 

BANYOLES SANABRIA 

NUMBER DATE NUMBER DATE 

1 1 4.02.70 1 27.07.73 
2 28.03.70 2 1 0.08.73 
3 1 4.03 .70 3 1 1 .09.73 
4 28.03.70 4 27.09.73 
5 1 1 .04.70 5 1 9. 1 0.73 
6 25.04.70 6 3 1 . 1 0.73* 
7 09.05 .70 7 1 6. 1 1 .73* 
8 25 .05 .70 8 1 0. 1 2.73* 
9 09.06.70 9 20. 1 2.73* 
1 0  20.06.70 1 0  07.02.74* 
1 1  06.07.70 1 1  27.03 .74* 
1 2  20.07.70 1 2  25.04.74* 
1 3  03.08.70 1 3  1 6.05 .74* 
1 4  1 8.08.70 1 4  30.05.74* 
1 5  3 1 .08.70 1 4b 1 6.06.74* 
1 6  1 4.09.70 1 5  25 .06.74* 
l 7  28 .09.70 1 6  1 1 .07.74* 
1 8  1 0. 1 0.70 1 7  26.07.74 
1 9  24. 1 0.70 1 8  09.08.74 
20 07. 1 1 .70 1 9  2 1 .08.74 
2 1  2 1 . 1 1 .70 20 1 1 .09.74 
22 05 . 1 2.70 2 1  26.09.74 
23 1 9. 1 2.70 22 1 6. 1 0.74 
24 02.0 1 .7 1  
25 1 6.0 1 .7 1  
26 30.0 1 .7 1  

as ca1culated from chlorophyll-a 
concentrations (CHL) ; and cell numbers 
(CN). In Lake Banyoles, silica (Si) was 
also inc1uded as a nutrient, because the 
dominant species are diatoms, and silica, 
which presents a marked cyc1e, could act as 
a limiting factor. Since Si was analysed 
only from June onwards, the PCA for this 
lake comprises only the sampling data 
collected during the stratification period 
(June to October 1 970). In Lake Sanabria 
we did not inc1ude this variable since, as 
mentioned aboye, it behaves as a rather 
conservative element. Another difference in 
the variables used in the PC-PCA of each 
lake is the primary production (PP). We 
i nc1uded it in Lake Banyoles' PC-PCA in 
which case we had a complete cyc1e, but 
not in Lake Sanabria' , where it was only 
meas�red 9 times out of 22. 

FJi/ the species principal component 
analysis (S-PCA) we retained the species 
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which represented more than 1 0% of the 
total for at least one sampling, except if the 
species was observed only once, in which 
case it was exc1uded. 

In discussing the distribution of the 
objects in the reduced space of the PCA, 
we considered only the axes with an 
eigenvalue near or aboye 1 .  We considered 
that descriptors with a component greater 
than or equal to 0.60 defined the axes. 

For each PCA we deterrnined object (in 
this case sampling date) c1ustering by 
applying a hierarchic c1assification 
(LEGENDRE & LEGENDRE, 1 979). 

RESULTS 

The first three axes of the PC-PCA i n  
Lake Banyoles (LB) contribute 82.63% 9f 
the variance, with Axis I explaining 
37.45%.  The loading variable which defines 
the positive part of the Axis is Si (0.70) and 
those for the negative part are CN (-0.73) 
and SD (-0.72). Axis II explains 26.34% of 
the variance. The descriptors that 
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characterize this axis are N03 (-0.84) and 
PP (-0.83) .  

These two axes c1early separate the 
stratification period (Cluster 1 )  from the 
mixing period (Clusters 2 and 3) .  The 
separation of the c1usters is highly 
significant (Fig. l a) .  In general the 
stratification period is characterized by low 
nitrogen and silica concentrations, low 
primary production and relatively high 
transparency (PLANAS, 1 990) and 
phytoplankton cell density (Fig. 2).  

Axis III contributes 1 8.83% of the 
variance. The most important loading 
variables on this axis  are nutrients. This 
axis  separates a few dates of the 
stratification period from those of the 
mixing period (Fig. l b) .  

The objects i n  the principal component 
analysis of Lake Banyoles using species as 
descriptors (S-PCA) are spatially 
distributed on five axes, which explain 
7 1 .72% of the variance. Axis I explains 
24.78% of the variance. It is defined by the 
following species : Rhodomonas minuta 
(-0.9 1 ) , R. minuta nannoplanctonica 
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FIGURE 1 .  Lake Banyoles sample distribution using the physico-chemical and biological variables. (a) Axes 1 
and 11. (b) Axes 11 and III. For identification of object numbers, see Table 1. 
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F IGURE 2. Temporal evolution of Lake Banyoles 
variables: Cell number (cell m-2 x 10\ 9:clotella 
glomerata-melosiroides (cells m-2 x 1 0 ), and 
percentage of diatoms. 
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(-0.8 1 ), Monoraphidium contortum (-0.84) 
and Dictyosphaerium pulchellum (-0.83),  
all  loading the negative part of the axis .  
Axis II contributes 1 7 . 1 6% of the variance; 
the species defining this axis are 
Chrysoccocus rufescens (-0.78) and 
Chlamydomonas chlamydella (-0.7 1 )  (Fig. 
3a). 

Axis III explains  1 2.70% of the variance, 
with the bacteria Sphaerotilus sp. (0.83) 
and Cyclotella comta (0.73) as the most 
important contributors, loading the positive 
part of the axis  (Fig. 3b). 

Axis I c1early separates the stratification 
and the mixing period into two c1usters. 
The separation is highly significant. The 
overturn date is isolated from both groups 
with p � 0.0 1 (Fig.  3a) .  The mixing period 
is mainly characterized by the abundance of 
Rhodomonas sps. (Fig. 4) and to a lesser 
degree by Dictyosphaerium pulchellum and 
Monoraphidium contortum (Fig. 4) . 

Axis II separates the sampling period 
around overturn into two groups; the 
sampling dates before overturn, and those 
after it. This period is characterized by a 
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relatively greater abundance of 
Chrysoccocus rufescens (Fig. 5a). The 
greater abundance of Chlamydomonas 
chlamydella (Fig. 5b) in the overtum period 
isolates this date from the other elusters. 

Axis In separates the sampling dates 
where Cyclotella comta was more abundant 
(Fig. 5c) .  These correspond to the samples 
taken at the beginning of the stratification 
periodo At that time there was a 
proliferation of the bacteria Sphaerotilus sp. 

In Lake Sanabria (LS) the first three 
axes of the PC-PCA explain 8 1 .86% of the 
variance. The variables loading the positi ve 
and negative part of the first axis (40.35 % 
of the variance) are CN (0.76) and SD 
(-0.75) respectively. 

Axis n contributes 25. 1 6% of the 
variance. The variables which define the 
positive si de of the axis are nutrients: N03 
(0.72) and P04 (0.62) .  Axis In explains 
1 6.35% of the variance. The descriptor 
highly associated with the negative part of 
this axis is CHL (-0.7 1 ) . 

The first axis in the PC-PCA of this lake 
(LS) mainly separates 1 974 stratification 
dates from the mixing periodo Axis n 
discriminates objects corresponding to the 
1 973 late summer period (Fig. 6a) when 
P04 was high (Fig. 7a) from winter 
samples with high N03 concentrations (Fig. 
7b) . Axis In  discriminates objects with 
high CHL concentrations (Fig. 7d) . 

The spatial distribution of the objects in 
the three axes could be elustered into four 
groups. Statistically, Groups 1 and 2 are 
very highly significantly different; 3 and 4, 
highly significantly. The first eluster 
ineludes samples with high P04 and CHL. 
The sampling dates elustered in 2 are 
characterized by high transparency (Fig. 7c) 
or high N03 . In Cluster 3 the sampling 
dates are characterized by high CN (Fig. 
9a) and in Cluster 4 by elevated P04 
concentration. If we eliminate Cluster 4, its 
objects are absorbed into Cluster 3, in the 
positive part of the axis (Fig. 6a) . The 
difference between the three remaining 
groups thus becomes very highly 
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significant. 
In the principal component analysis of 

LS, using phytoplankton species 
composition to separate objects, the first 5 
axes explain 75% of the variance. Axis 1 
contributes 2 1  % of the variance. The 
species loading the negative and positive 
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FIGURE 3 . Lake Banyoles sample distribution using 
species composition as descriptors. (a) Axes I and I l ,  
(b)  Axes I I  and IlI .  For identification of object 
numbers, see Table 1. 
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FIGURE 4. Temporal evolution of Lake Banyoles species loading the first axis (cells m-2 x 106): Rhodomonas 
minuta, R. minuta nannoplanctonica, Monoraphidium contortum and Dictyosphaerium pulchellum. 
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FIGURE 5 .  Temporal evolution of the species (cells 
m -2 x 1 06) loading Axes 1 1  and III: Chrysoccocus 
rufescens, Chlamydomonas chlamydella, and 
Cyclolella comla. 
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part of this axis are the chloroccocal green 
algae Crucigenia tetrapedia (-0.67) and 
Monoraphidium contortum (0.66), 
respectively.  

Axis n explains 1 8 .09% of the variance .  
The main species contributing to this axis 
are D. pulchellum (0.65) and Chromulina 
rossanofii (0.58). C. pseudonebulosa (-0.66 ) 
and Merismopedia marssonii (-0.66) define 
Axis nI and explain 1 5% of the variance 
(Fig. l l a, 9c) respectively. The two 
remaining axes contribute only 1 0% of the 
total variance. The species contributing to 
Axes IV and V are respectively (Fig. 9b, 
1 1 b): Aphanothece clathrata (0.6 1 )  and 
Cyclotella sp. (0.8 1 ) . 

In the spatial distribution of the objects 
in the S-peA of LS, Axis n separates 
sampling dates corresponding to 
stratification from those of the mixing 
period (Fig. 8) . The first period i s  
characterized by the abundance of D. 
pulchellum (Fig. lOe). Axis I contributes to 
separating the summer dates where C. 
tetrapedia presents its maximum density 
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(Fig. l Oa), from samples where for the 
same period in the former year Cyclotella 
sp. was very abundant (Fig. 1 1  b). 

The spatial distribution of samples in 
Axes II and III (Fig. 8b) is determined by 
the absence of C. pseudonebulosa (Fig. 
1 1 a). Its cell density was greatest in the 
surnmer of 1 974, especially from August to 
September. 

DISCUSSION 

The phytoplankton species richness in 
Lake Sanabria was higher than in Lake 
Banyoles: 232 and 77 species respectively. 
The first lake could be characterized as a 
myxophycean plankton lake, the second as 
a diatom plankton lake (HUTCHINSON, 
1 967). Cyanobacteria of the chroococcal 
order dorninated Lake Sanabria throughout 
the year (Planas, unpublished data); the 
more abundant species were Aphanothece 
clathrata and Merismopedia marssonii. In 
Lake Banyoles the diatoms Cyclote lla 
glomerata and C. melosiroides were 
dorninant during the whole study period 
(PLANAS,  1 973 ; Fig. 2b). 

The dominance of diatoms in the 
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silica-rich, alkaline Lake Banyoles (Fig. 2c) 
was to be expected, although diatoms could 
have been lirnited by other nutrients or by 
light (KILHAM et al., 1 986). 
HUTCHINSON ( 1 967) characterizes 
oligotrophic diatom plankton as being 
present in nutrient-poor lakes with neutral 
or slightly alkaline water. 

The dorninance of cyanobacteria in Lake 
Sanabria is more striking. Sorne species of 
these algae are normally associated with 
waters low in nitrogen, as is the case of the 
nitrogen fixing species which domínate in 
eutrophic ecosystems where phosphorus 
concentrations are high (SCHINDLER, 
1 978) .  They are also very abundant at high 
phosphorus and nitro gen concentrations 
(VOLLENWEIDER, 1 968). However, these 
trophic characteristics do not correspond to 
Lake Sanabria, which, as we mentioned 
before, rnight be c1assified as oligotrophic. 
The two chlorococcal species that dominate 
this lake are very abundant in the low 
conductivity waters of the Canadian Shield 
(Planas, personal observation), especially 
after the spring outburst when nitro gen and 
phosphorus are not detectable in the water. 
These Canadian shield lakes are naturally 
quite rich in dissolved organic matter. as i s  
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FIG U RE 6. Lake Sanabria sal11ple ui�tribution using the physico-chemical and biological variables. (a) Axes 1 
and 1 1 .  (b) axes 11 and III. Points, observations; crosses, classes. For identification of object numbers, see Table 1 .  
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the case of Lake Sanabria (Planas, 
unpublished data). It has been mentioned in 
the literature, on several occasions and for 
different parts of the world, that planktonic 
blue-greens are favoured by dissolved 
organic matter (FOGG et al. , 1 973).  This, 
however, does not imply that such 
compounds are needed by cyanobacteria, as 
the same authors show that no freshwater 
cyanobacteria species require exogenous 
organic growth factors. 

For both lakes and particularly for Lake 
B anyoles, we cannot speak of true 
succession, at least not in reference to the 
dominant species, since they were present 
throughout the study periodo Phytoplankton 
succession is a general phenomenon 
observed not only in temperate lakes 
(HUTCHINSON, 1 967; REYNOLDS, 
1 984) but also in  tropical and subtropical 
lakes, if one can rely on the little 
information that exists (GANF & VINER, 
1 973;  MELACK, 1 979; LEWIS,  1 978 a, b ;  
HECKY & KLING, 1 98 1 ) . 

The two dominant cyanobacteria species 
of LS constitute more than 50% of the total 
cell counts during lake stratification and 
early rnixing. M. marssonii was more 
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abundant at the beginning of stratification 
than A. clathrata but the latter species 
attained its maximum in October 1 974. 
HUTCHINSON ( 1 967) mentions that 
Aphanothece sp . develops in productive 
lakes of temperate regions during the 
warmest month, usually when the combined 
nitro gen in the water is low and P04 
indetectable. This does not correspond to 
the conditions found in LS during the 
summer, where the species was most 
abundant when P043- was either detectable 
or at its maximum. Merismopedia are 
generally considered to be oligotrophic 
indicators (DROUET & DAILY, 1 956). 

In LB the dorninant species (Fig. 2b) 
constitute 90% of the population from early 
spring to overturn. Thereafter they decrease 
to 20-50% of the total cell number (Fig. 2b; 
PLANAS, 1 973) but continue to be 
dominant. According to Grim' s study of 
Lake Constance (GRIM, 1 939) the same 
diatom species were dorninant throughout 
the year. The author mentions that the only 
non-diatom species with a significant 
contribution was the cryptomonad R. 
lacustris, which was abundant towards the 
end of the winter when the temperature of 
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F IGURE 8.  Lake Sanabria sample distribution using species composition as descriptors. (a) Axes 1 and 1I,  (b) 
Axes I I  and III.  Points, observations; crosses, classes. For identificatÍon of object numbers, see Table 1 .  
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the water was between 5- 1 3  oC. As we will 
discuss later, Cryptophyceae also became 
abundant in LB during the winter. 

The fact that the dominant species are 
present throughout the year explains why 
they do not contribute to the S-PCA axis 
formation and that when they do, as in the 
case of Lake Sanabria, they explain only a 
small percentage of the total variance. 

In both lakes we observed a succession 
of the subdominant species. These species, 
which had a very marked annual cycle, 
contributed to the axis formation, together 
with sporadic species that became very 
abundant for short periods. 

For both lakes, the PC-PCA shows that 
transparency and cell density are the main 
variables loading the first axis. In LB the 
mean transparency is lower than that in LS, 
2 .8m and 6.9m respectively .  Its contribution 
in positioning the objects of the first lake is 
low. SD is more important in Lake 
Sanabria where it distributed the sampling 
dates around overtum. Overtum 
corresponds to the period of maximum 
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FIGURE 1 0. Temporal distribution of Lake Sanabria species loading the first two axes: Crucigenia tetrapedia 
(cells m-2 x 1 0

6
), Monoraphidium contortum (cells m-2 x 1 06), Dictyosphaerium pulchellum (cells m-2 x 1 09), and 

Chromulina rossanofii (cells m-2 x 1 09) .  
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transparency in this lake. 
As stated aboye, cell numbers also 

contribute to the formation of Axis 1. It  i s  
interesting to note that the two variables 
which contribute to Axis I have different 
signs in each lake. In LB both variables 
loaded the same sign of the axis, whereas 
in Sanabria SD loaded the negative part of 
the axis and CN the positi ve. The factors 
which contribute to light transmission in 
each lake could explain this difference. 
During our study cycle of LB, suspended 
matter increased after overturn due to a 
high underwater inflow during the autumn 
rains (PLANAS, 1 973) .  The transparency 
then remained very low until the next 
summer stratification. In Lake Sanabria 
transparency seems related more to 
phytoplankton abundance, a1though not to 
biomass as measured by CHL. In both 
lakes, the maximum in CN occurred in the 
summer. The smaller size of the dominant 
species in LS probably induced more light 

C h r o m u l i n a  p s e u d o n e b u l o s a  

5 1 0  1 5  2 0  

SAMPLING DAY 

PLANAS 

scattering than the diatoms which 
dominated LB.  

Nitrogen contributes to Axis 11 formation 
in both lakes. This nutrient was more 
abundant in winter than in summer, both in 
LB and LS.  In the latter lake, N03 
increased after overturn and remained 
relatively high until spring. In LB, a1though 
a slight in crease occurred during the faH 
overturn, N03 became really abundant only 
in January when the lake mixed completely 
(PLANAS, 1 973, 1 990) . In LB, primary 
production as well as N03 load the 
negative part of Axis 1 1 .  Although the 
maximum of PP in this lake occurs in the 
spring, another maximum is present in 
winter concurrent with the nitro gen increase 
(PLANAS, 1 990). Both variables thus seem 
to influence the positioning of the same 
sampling stations. 

In LS, besides N03, phosphorus also 
contributes to Axis 1 1 ,  but in the opposite 
direction. It increases sl ightly during 
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FIGURE. 1 1 . Temporal distribution of Lake Sanabria species loading Axis III: Chromulina pseudonebulosa (cells 
m-2 x 10\ and Axis V:  Cyclotella sp. (cells m-2 x 106). 
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overturn but attains its maximum towards 
the end of the summer of 1 973, which does 
not correspond at all to the nitrogen pattern. 

In Lake Sanabria, Chlorophytes, which 
as a taxon contributed the greatest 
percentage of identified species (Planas, 
unpublished data), were the most important 
in defining Axes I and 11 .  Crucigenia 
tetrapedia is a surnmer species more 
abundant in 1 974 than in 1 973 . It explains 
the formation of Cluster 111 .  The sampling 
data of this period were characterized by 
very low N03 and moderate P04 
concentrations ; the biomass as measured by 
chlorophyll-a was high. 

Dictyosphaerium pulchellum was most 
abundant towards the end of the rnixing 
period as well as at the end of the 
stratification. Monoraphidium contortum 
was abundant during the whole winter. 
These species position a few objects 
characterized by either higher P04 or N03 
concentrations. 

The Chrysophyceae and the 
Cyanobacteria contributed to the formation 
of Axis 111  in the S-PCA of SL. 
Chromulina pseudonebulosa had a pulse in 
the second part of the summer of 1 974 
when P04 and N03 concentrations were 
very low and biomass (measured as 
chlorophyll-a) was relatively high. M. 
marssonii became abundant at the same 
periodo Its abundance during a period when 
both nutrients were low confirrn its capacity 
for growth in poor waters (DROUET & 
DAILY, 1 956). 

Aphanothece clathrata defines the spring 
data with relatively low biomass, when 
N03 is becorning scarce and phosphorus 
less abundant. This species has been found 
in small productive lakes (REYNOLDS, 
1 984) but as mentioned before its presence 
is associated with low nutrient 
concentrations. This fact, as well as its 
abundance in ultra-oligotrophic lakes of the 
Canadian Shield, suggest that this , species 
can develop in waters very ''. low in. 
phosphorus and nitrogen, independently,í"oI 

water temperature, contrary to the statement 

made by HUTCHINSON ( 1 967).  
In Lake Banyoles the subdorninant 

species that characterize the rnixing period 
are species very abundant in winter such as 
Rhodomonas minuta, R. minuta 
nannoplanctonica and the two green 
species also abundant in LS during this 
period, D. pulchellum and M. contortium. 
The two green species characterize samples 
clustered in Group 111 .  They correspond to 
environmental conditions where Si and 
N03 are abundant, and P04 relatively low. 
Maximum density for the Cryptophyceae 
occurs when N03 concentration is at its 
peak and P04 is still low. As mentioned for 
Lake Constance, the Rhodomonas sps. are 
usually very abundant in winter, in 
oligotrophic lakes of temperate regions. We 
do not think that temperature is the variable 
that controls its growth but that nitro gen 
could be a more important factor. In the 
acidifying lakes of North America (YAN, 
1 978), where 1 /3 of the acidity of rain is 
due to NOx (LlKENS et al. , 1 979), the 
Cryptophyceae generally increase during 
the summer. This would seem to confirm 
the importance of nitro gen in the 
proliferation of this taxon. 

The sampling dates characterized 
by Chrysococcus rufescens and 
Chlamydomonas chlamydella correspond to 
a period of low productivity in LB . This 
low productivity was associated with low 
nitro gen concentrations (Planas, in press). 
The first species was more abundant at the 
beginning of stratification and the second at 
overturn. 

The species that contributed to Axis 111 
appeared sporadically at the beginning of 
stratification. Sphaerotilus sp. had a very 
short pulse; Cyclotella comta persisted 
longer, until the middle of stratification. 
These species characterize the sampling 
dates corresponding to a period of high 
transparency. They also become abundant 
in Lake Constance towards the end of the 
summer (GRIM, 1 939). In this lake their 
outburst correspond to a decrease in the 
dorninance of C. melosiroides and C. 
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glomerata, but this is not the case in LB 
where the maximum of C. comta occurred 
when the dominant species were very 
abundant, just prior to their peak. 

In surnmary, the nutrient which seems to 
control the succession in species 
composition in the two lakes studied is 
nitrogen. This element is relatively low in 
both ecosystems during the summer and 
becomes more abundant at overtum. 
Phosphorus (measured as total dissolved 
reactive phosphorus) seems to have 
relatively les s importance in the species 
composition evolution . In both lakes the 
concentration of this nutrient seems related 
more to recycling in the water column or its 
inflow by surface runoff, than to fluxes 
from the sediments or deep hypolimnetic 
waters. This would explain the relatively 
constant phosphorus concentrations, 
independent of the lakes' temperature 
regime. 

Nitrogen, on the contrary, has a very 
marked cycle and its abundance in the 
euphotic zone seems more closely 
associated with water tumover. It is striking 
that in both lakes its low concentrations 
during the summer do not favor the 
nitrogen fixing cyanobacteria. It is probable 
that the affinity of these cyanobacteria to 
phosphorus is very low and consequently 
the concentration present in both lakes did 
not satisfy their needs. The abundance of 
phosphorus during the mixing period might 
possibly explain the appearance or increase 
of the same- green algae species (M. 
contortum, D. pulchellum) in both lakes 
during the winter. 

The chemical differences in the two 
lakes considered, an alkaline and a 
moderately acidic lake, seem to determine 
the type of phytoplankton at the dominant 
species level . In the alkaline lake, the 
availability of silica and possibly other 
minor ions determine its diatom dominance 
throughout the year. 

The dominance of Cyanobacteria in 
Lake Sanabria is more difficult to interpret. 
In this lake, silica and phosphorus 

PLANAS 

concentrations are lower than in Lake 
Banyoles. Silica, due to its relatively 
constant concentration, does not seem to be 
a determining factor in phytoplankton 
succession, but the low concentration of 
phosphorus could be. In Lake Sanabria 
phosphorus concentration was half that 
measured in Lake Banyoles. In studies 
carried out by SUTTLE & HARRISON 
( 1 988) on the natural phytoplankton 
populations of two ultraoligotrophic lakes 
of the Rocky Mountains with nutrient 
characteristics close to those of Lake 
Sanabria, a chroococcal cyanobacteria 
(Synechococcus) showed the highest 
affinity to phosphorus; this species could 
develop at very low phosphorus 
concentrations contrary to the diatoms, 
which are better competitors at low 
nitrogen levels. 

These findings could explain the 
dominance of the blue-greens and the 
scarcity of diatoms in Lake Sanabria as 
weH as the abundance of diatoms in Lake 
Banyoles but, as was mentioned before, the 
water alkalinity and the high abundance of 
silica could also be determining factors. 

ACKNOWLEDGEMENTS 

Many people participated in the 
sampling of the lakes discussed in this 
publication, and I would like to express my 
sincere gratitude to them aH. I want to 
underline the contribution of Manuel 
Jiménez Espuelas, director of the Comisaría 
de Aguas del Duero, to the Sanabria study. 
His laboratory did practicaHy aH the 
sampling and most of the analyses. The 
ICONA delegation of Zamora at that time 
under the direction of Alfredo Prieto, 
assisted us in various stages of the 
sampling. 

I also wish to thank the late Juan Jesús 
Torán who allowed us to include part of the 
Lake Sanabria sampling in the reservoir 
programme study, carried out between 1 973 
and 1 975_  Many thanks to C. de Montigny, 



COMMUNITY STRUCTURE I N  LAKE PHYTOPLANKTON 1 1 1  

S.  Paquet and L.  Zhang for their help with improvements to the English. 
the data analyses, and to P. Wickham for 

REFERENCES 

AVNIMELECH; Y. 1 984. Phosphorus and calcium 
carbonate solubilities in Lake Kineret. Limnol. 
Oceanogr., 28: 640-645. 

DROUET, F. & DAILY, W.A. 1 956. Revision of the 
coccoid Myxophyceae. Butler Univ. Bot. Stud., 1 2: 
1 -2 1 8. 

FOGG, G.E. FAY, W.D.P.P. & W ALSBY, A.E. 1 973. 
The blue green algae. Academic Press. London. 

GANF, G.G. & VINER, A.B. 1 973 . Ecological 
stability in a shallow equatorial lake (Lake George, 
Uganda). Proc. R. Soco Lond., Ser. B, 1 84: 
321 -346. 

GOLDMAN, C.R 198 1 .  Lake Tahoe: two decades of 
change. Verh. Internat. Verein. Limnol. , 2 1 :  45-70. 

GOLDMAN, C.R & AMSTRONG, R 1 969. Primary 
productivity studies in Lake Tahoe, California. 
Ve re. Internat. Verein. Limnol. , 1 7 :  49-7 1 .  

GRIM, J. 1 939. Beobachtungen am Phytoplankton des 
Bodensees (Obersee) Sowie deren rechnerische 
Auswertung. Int. Rev. ges. Hydrobiol. Hydrogr., 
39: 1 93-3 1 5 .  

HECKY, RE. & KLING, H.J. 1 98 1 .  The 
phytoplankton and protozooplankton of the 
euphotic zone of Lake Tanganika. Species 
composition, biomass, chlorophyll content and 
spatio-temporal distribution. Limnol. Oceanogr. , 
26: 548-564. 

HUTCHINSON, E. 1 967. A treatise on Limnology. 
V(II). Introduction to lake biology and the 
limnoplankton. John Wiley. New York. 

KALFF, J. 1 983. Phosphorus limitation in sorne 
tropical African lakes. Hydrobiologia, 1 00: 
1 0 1 - 1 1 2. 

KILHAM, P., KILHAM, S.S. & HECKY, RE. 1 986. 
Hypothesized resource relationships among African 
planktonic diatoms. Limnol. Oceanogr., 3 1 :  
1 1 69- 1 1 8 1 .  

LEGENDRE, L .  & LEGENDRE, P .  1 979. Écologie 
numerique. 2. La structure des données 
écologiques. Masson & Les Presses de l 'Université 
du Québec. Paris .  

LEWIS, W.M. 1 978a. Analysis of succession in a 
tropical phytoplankton community and a new 
measure of succession rateo Amer. Natur. , 1 1 2: 
401 -4 14. 

LEWIS, W.M. 1 978b. A compositional, geographical 
analysis of the phytoplankton in a tropical lake; 
Lake Lanao, Phi1ippines. J. Ecol. , 66: 849-880. 

LIKENS, G.E., WRIGHT, R.F., GALLOWA Y, J.N. & 

BUTLER, T.J. 1 979. The burning of fossil fuels is 
increasing the acidity of precipitation over wide 
areas. Scientific American, 24 1 (4); 43- 5 1 .  

MARGALEF, R 1 955. Comunidades dulceacuícolas 

del NW de España. Pub. Inst. Biol. Apl. , 2 1 :  5-3 1 .  
MARGALEF, R 1 983. Limnología. Omega. 

Barcelona. 
MARGALEF, R. PLANAS, D., ARMENGOL, J. , 

VIDAL, A. PRAT, N. GUISET, A., TOJA; J. & 

ESTRADA, M. 1 977. Limnología de los embalses 
españoles. Dirección General de Obras Públicas. 
Madrid. 

MELACK, J.M., KILHAM, P. & FISHER, T.R 1 982. 
Responses of phytoplankton to experimental 
fertilization with ammonium and phosphate in an 
African soda lake. Oecologia, 52: 32 1 -326. 

PEARSALL, W.H. 1 922. A suggestion as to factors 
influencing the distribution of free-floating 
vegetation. J. Ecol. , 9: 24 1 -253 .  

PLANAS, M.D.  1 973. Composición, ciclo y 
productividad del fitoplancton del lago de 
Banyoles. Oecol. aquat. , 1 :  3- 1 06. 

PLANAS, D. 1 990. Factores de control de la 
distribución espacial y temporal de la producción 
primaria del fitoplancton del lago de Banyoles. 
Scientia gerundensis., 1 6(2) : 1 93-204. 

REYNOLDS, C.S. 1 984. The ecology of freshwater 
phytoplankton. Cambridge University Press. 
Cambridge. 

RHEE, G-YULL. 1 978. Effects of N:P atomic ratios 
and nitrate limitation on algal growth, cell 
composition, and nitrate uptake. Limnol. 
Oceanogr. , 23: 478-486. 

SCHINDLER, D.W. 1 978. Factors regulating 
phytoplankton production and standing crop in the 
worlds' freshwaters. Limnol. Oceanogr. , 23: 
478-486. 

SPARLING, lH. & NALEWAJKO, c. 1970. 
Chemical composition and phytop1ankton of lakes 
of southern Ontario. J. Fish. Res. Bd. Can. ,  27: 
1 405- 1428. 

SOLÉ SABARÍS, L. 1 958. Les aigues subterranies. In: 
Geografia de Catalunya (L. Solé Sabarís, ed.), 1 :  
2 1 5-2 1 9. Aedos. Barcelona. 

SUTTLE, C.A. & HARRISON, P.J. 1 988. Ammonium 
and phosphate uptake rates, N:P supply ratios, and 
evidence for N and P limitation in sorne 
oligotrophic lakes. Limnol. Oceanogr., 33: 
1 86-202. 

VOLLENWEIDER, R 1 968. Scientific fundamental s 
of the eutrophication of lakes and flowing waters 
with particular reference to nitrogen and 
phosphorus as factors in eutrophication. OCDE, 
Directorate for Scientific Affairs. Paris. 

YAN, N.D. & STOKES, P. 1 978. Phytoplankton of an 
acidic lake, and its response to experimental 
alteration of pH. Environ. Conserv. , 5: 93- 1 00. 



/ 


	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124

