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ABSTRACT

The chemical characteristics of the waters of Lake Budi (IX Region, Chile), in winter and summer were analysed in order to establish seasonal variations 
and determine their influence on the various phytoplankton components. On the basis of the results it was possible to indicate that the chemical parameters found 
in the water body under examination vary in time and space, giving rise to different algal communities. The strong influence of salinity on the phytoplankton 
communities in both study periods appears to result principally from the influence of the sea, resulting from the intrusion of salt water during certain periods of the 
year. The predominant chemical characteristic in summer indicates a slight reduction in water quality, due to a rise in temperature and a reduction in the oxygen 
concentration.  
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INTRODUCTION

Phytoplankton constitutes the most important primary producer, and is a 
fundamental food source for consumers in many continental aquatic systems 
[1-2-3]. However the wide spectrum of organisms of which it is made up and 
the limnological characteristics which may be encountered in each individual 
system have hindered understanding of the processes involved in population 
dynamics [4].  

In general, it has been established that the determining factors for the 
structure of phytoplankton communities in lakes result from the relationship 
which exists between the physical, chemical and biological parameters present 
in a water body [5].   

Several studies carried out in freshwater environments have established 
that the growth of phytoplankton may be controlled to a large degree by the 
limitation of nutrients [6-7], the availability of light [8] and the composition and 
abundance of zooplankton [9]. It has also been determined that in coastal lakes 
which are subject to marine influence during some period of the year, salinity 
may also be a factor affecting the growth and distribution of phytoplankton 
[10-11]. The above is a consequence of the problems in osmotic regulation 
produced by the intrusion of sea-water, both for freshwater and marine 
organisms [12].  

Under natural conditions, it has been determined that phytoplankton 
respond in a regular manner to the variations in their environment which occur 
in an annual cycle [13-14]. This is largely a consequence of changes to the 
physical characteristics and the stability of the water column. As a result, the 
varying algal components of the phytoplankton in a lake are a clear indicator 
of its environmental state. In this respect, an analysis of the composition and 
presence of species, their abundance and biomass, can provide the information 
needed to evaluate the ecological state of lacustrine systems. 

However, phytoplankton communities do not respond only to natural 
changes into the lakes, but may also present variations as a consequence of 
human interventions affecting the water body, either directly or through activities 
carried on in the basin as a whole. 

These influences affecting the lakes result in modifications to the structure 
and composition of the phytoplankton, which may take the form of changes in the 
taxa of which the algal associations are composed, in the abundance of each taxa, 
the richness and diversity of the associations, and other community parameters. 
Finally, due to the interdependence existing between the different organisms of 
which systems are composed, these variations in the phytoplankton communities 
translate into changes to the trophic chain and the productivity of the lakes [15]. 

Lake Budi constitutes a coastal lacustrine system where there is a strong 
marine influence due to the intrusion of salt water during certain periods of 
the year. Moreover, in recent decades there has been considerable human 
intervention in the basin. These two characteristics are indubitably determining 
factors in the physical and chemical conditions of the water column in the 
lake.

As proposed, the aim of this study was to establish the physical and 
chemical parameters of the water which have the greatest influence, and which 
determine the algal associations present in the phytoplankton of Lake Budi.

EXPERIMENTAL

Area of the study and sample collection
Lake Budi (38º 52’ S; 73º 18’ W) is a coastal lake which is connected 

sporadically to the sea. Different bio-types may be recognized in the composition 
of its surroundings: banks, either covered with vegetation or bare; mud-sand 
beaches; and sediments with a high content of organic material derived from 
aquatic plants [16].

Based on the special characteristics of Lake Budi and the contribution of 
its principal tributaries (Budi, Temo, Allipén, Comué, Bolleco and Botapulli), 
nine sampling stations were established: Río Budi, Temo, Allipén, Comué, 
Bolleco, Botapulli, Deume 1, Deume 2 and Deume 3 (Fig. 1). 

To account for the marine influence present in Lake Budi, samples were 
taken at two times of year, the first in July 2004, representing the state of the 
lake in winter, and the second in January 2005, reflecting summer conditions. 
Two samples were taken at each sampling station: a surface sample (20cm) and 
a deep sample (1 m), with the exception of the Río Budi station, where only 
surface samples were taken due to the shallowness of the water at the time of 
sampling.  

Chemical Analysis 
Eight physical and chemical parameters for water quality were established 

for this study: temperature, pH, salinity, oxygen in solution (OS), biochemical 
oxygen demand (BOD), total suspended solids (TSS), organic suspended solids 
(OSS) and nitrates. These were determined by extracting water samples using 
a Rüttner bottle, with each sample taken in duplicate. Consideration was given 
to conditions at sampling, the type of container, preservation and the maximum 
time-lapse between the taking and the analysis of the sample [17-18].
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Fig. 1: Geographical location of the nine sampling stations of water and 
microalgae in Lake Budi.

The following parameters were measured in the field: temperature, pH, 
salinity, and oxygen fixed in solution using the Winkler method. The equipment 
used was respectively, a Delta model HD 9212 temperature sensor; a Hanna 
model HI 9023 pH-meter; and a Hanna model HI 9033 conductivity meter. 

The water samples were placed in polythene containers and filtered using 
polycarbonate systems, with filters of 0.45 µm porosity. The filtered samples 
yielded the nitrate content, while in the unfiltered parallel samples the total 
solids in suspension were measured and the organic fraction determined. The 
samples were kept under refrigeration at 4°C until the chemical analysis was 
done.

The methods of analysis used to determine the total solids in suspension, 
organic solids in suspension, oxygen in solution, BOD and nitrates are 
those presented by the Standard Methods for the Examination of Water and 
Wastewater [19 a, b, c].   

Biological Analysis 
The analysis of the phytoplankton communities of Lake Budi included both 

the quantitative and qualitative determination of the algal components present 
in each samples. This was done using a 2 L Rüttner bottle and a phytoplankton 
mesh with a 150 µm pore aperture. In each station an aliquot of 100 ml was 
taken directly from the bottle in the field, and a solution of lugol was added to 
fix and conserve the microorganisms. 

The taxonomic and quantitative determination of the phytoplankton was 
made using a Karl Zeiss photon microscope and an inverted microscope 
respectively. In the latter case, the procedure followed was that described by 
Utermöhl [20]. In some cases an electron microscope was also used, using an 
ETEC Autoscan U-1 scanning microscope. The literature used in determining 
the algal groups and species was principally Kramer & Lange-Bertalot, [21] 
and Parra [22-23-24]. 

Data Analysis 
To establish a relationship between the species and the physical and 

chemical variables, the CANOCO Program (Version 4.5) was used, based on a 
multivariate analysis. In parallel, diversity was determined through a Shannon 
Diversity Index for each of the stations.

RESULTS 

Physical and Chemical Parameters
Fig. 2  shows the variations for the physical and chemical parameters: 

temperature, pH, salinity, oxygen in solution, biochemical oxygen demand, 
total suspended solids, organic suspended solids and nitrates, recorded at the 
nine sampling stations, in surface and deep water of Lake Budi during two 
sampling periods – July 2004 (winter) and January 2005 (summer). 

As would be expected, the temperature variable showed a considerable 
increase in value in summer as opposed to winter, and most of the stations 
showed the higher temperatures in the surface samples. The highest value was 
recorded in the surface water of the Comué station in summer (25.8 °C) and 
the lowest in the winter period in the surface and deep waters of the Deume 3 
station (10°C). With regard to the pH variable, values fluctuated between 6.8 
– 8.2 for the winter period and between 7.0 and 8.9 for the summer period, with 
a more basic value in all stations during the summer period.  

With regard to salinity, it was observed that the Río Budi, Allipén and 
Deume 1, Deume 2 and Deume 3 stations showed the highest salinity in both 
sampling periods, being higher at all stations in summer, with values of up to 
4.0 PSU. These values are in agreement with the geographical locations of 
these stations, where there is a marked marine influence due to the intrusion of 
salt water. At the same time, it was established that this parameter has a strong 
influence on the distribution and composition of the phytoplankton communities 
and clearly marks the differences which exist between the different stations 
monitored (Fig. 3).  

The values recorded for oxygen in solution in the winter period were 
greater than 8.5 mg/L O

2 
for all the sampling stations. However these values 

diminished considerably in the summer, varying between 6.0 and 9.0 mg/L 
O

2
. Consistent with the previous point, the BOD

 
parameter shows the highest 

values in summer, with the highest levels observed in Río Budi, Allipén and 
Deume 2 stations. For the summer period a general increase in values is 
observed, especially in the sampling points of the deep zone. 

For the total solids in suspension, it was observed that in the winter period 
there are no major differences between the sampling stations. However in the 
summer, the values showed an increase, especially in the sampling points 
of the deep zone.  With respect to the concentration of organic solids in 
suspension, the values are consistent with the BOD values, where the greatest 
concentrations were recorded in the Temo, Allipén, Comué, Bolleco and Deume 
1 stations. Finally, the N-NO

3
 variable in general presents greater concentration 

values in the summer period, being slightly lower in those stations where the 
concentration of oxygen in solution is lower, and the content of nitrogen is also 
reduced. The values for nitrate concentrations recorded in Lake Budi would 
lead to its classification as an oligotrophic or mesotrophic lake system. 
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Fig.2:  Seasonal variation of the physical and chemical parameters recorded al the nine sampling points or surface and deep waters of Lake 
Budi.

   Winter surface   Winter deep

Summer surface Summer deep
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Fig. 3: Influence of the chemical variables in July (winter) and January 
(summer) on each monitoring station. (Tº= temperature, OS= oxygen in 
solution, BOD= biochemical oxygen demand, TSS= total solids in suspension, 
OSS= organic solids in suspension)

Phytoplankton composition in the winter period
A total of 30 taxa during winter sampling were identified (Table 1). The 

most abundant group were the Bacillariophyceae Class (Diatoms), followed by 
the Cryptophyceae, Cyanophyceae, Chlorophyceae and Euglenophyceae (Fig 
4). Within the diatoms group, the most abundant species were Tabellaria sp., 
Fragilaria sp., Girosygma spencerii and Aulacoseira sp. the abundance of the 
latter being 2.05X106 cell/L in the Comué station (Fig. 2). The marine diatom  
Chaetoceros sp., occurred only in the Deume 3 station, indicating the influence 
of the sea in this area of the lake. The highest concentration of organisms 
was recorded in the Comué station: 2.164X106 cell/L, and the smallest in the 
Botapulli station: 8.56X104 cell/L.

Two species of Cryptophyceae were identified, Cryptomonas sp. was 
present in all the stations, being most abundant in Río Budi station, with 
7.38X104 cell/L. The group of Cyanophyceae was also present in all the 
stations, and the most abundant genera were Oscillatoria sp., Lyngbya sp. 
and Anabaena sp. On the other hand, the Euglenophyceae was present in all 
station except Bolleco, and it was only represented by the genus Euglena, 
which is considered as an indicator of water rich in organic matter. Finally, 
the Chlorophyceae group was only recorded in the Río Budi, Temo, Allipén, 
Comué, Deume 2 and Deume 3 stations, the most abundant species of this algal 
group was Scenedesmus quadricauda.

Phytoplankton composition in the summer period
A total of 34 taxa during the summer period were identified (Table 1). As 

in winter, the predominant phytoplankton group was the Bacillariophyceae, 
followed by the Cyanophyceae, Cryptophyceae, Chlorophyceae, Dynophyceae 
and Euglenophyceae (Fig. 4). The greatest abundance of diatoms was again 
recorded in the Comué station, represented in this case by the species Melosira 

varians, with a concentration of 9.18X106 cell/L. There is an increase in the 
number of taxa belonging to this group in the phytoplankton community of 
the lake. It should be stressed that the total concentration of algae during this 
period was greater than that recorded for July in all the stations monitored, 
with a maximum of 9.576X106 cell/L in the Comué station, and a minimum of 
6.508X104 cell/L in Deume 3.

The Cyanophyceae group, present in all the stations in the previous period, 
was not recorded in the Comué and Bolleco stations, and reached maximum 
abundance in the Río Budi station, with 1.84X105 cell/L. Meanwhile the 
greatest abundance of Cryptophyceae was recorded in the Deume 1 station, 
with 1.27X105 cell/L, but it was not recorded in the Río Budi, Temo, Comué 
and Bolleco stations. The Chlorophyceae p was more abundant than in winter, 
with the greatest concentration of organisms recorded at the Temo station, 
while no individuals of this algal group were recorded in the Río Budi, Bolleco, 
Deume 2 and Deume 3 stations. The Dynophyceae group, for which there had 
been no records in the winter, also appeared in the phytoplankton community, 
although both this group and the Euglenophyceae were present only in a few 
stations and in low abundance. 

Fig. 4. Abundance of phytoplankton groups present in Lake Budi during 
July 2004  and January 2005.

Cyanophyceae
Bacillariophyceae

Chlorophyceae
Euglenophyceae
DinophyceaeCryptophyceae
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Table 1. Species present among the phytoplankton of the Lake Budi during the sampling periods.

Río Budi Temo Allipen Comué Bolleco Botapulli Deume 1 Deume 2 Deume3
July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

July 
2004

January 
2005

Cyanophyceae

Anabaenopsis elenkinii +

Anabaena variabilis + + + + + + + +

Lyngbya sp. + + + + + + + + + + + +

Oscillatoria sp. + + + + + + + + + + + + + + +

Nodularia spumigena + + + + + + + + +

Bacillariophyceae

Asterionella formosa + + +

Aulacoseira granulata +

Aulacoseira sp + + + + + + + + + +

Chaetoceros sp. +

Cocconeis placentula + + + + + +

Coscinodiscus sp. + + +

Cyclotella sp. + +

Cymbella sp. + + +

Epithemia adnata + +

Fragilaria acus +

Fragilaria sp. + + + + + + + +

Tabellaria sp. + + + + + + + + +

Fragilaria ulna + + + + + + + +

Gomphonema acuminatum +

Gyrosigma fasciola +

Girosygma spencerii + + + + + + + + + + + + + +

Melosira numuloides + + + +

Melosira varians + + + + + +

Navicula spp. + + + + + + + + + + + + +

Nitzschia paradoxa + + +

Nitzschia sigmoidea + + + + +

Nitzschia sp. + + +

Pinnularia major +

Rhopalodia musculus +

Surirella ovata + + + + + + +

Surirella sp. + + + + + + +

Cryptophyceae

Cryptomonas

Rhodomonas lacustris

Euglenophyceae

Euglena sp. + + + + + + + + + +

Phacus +
Dinophyceae 

Peridinium sp. +

Chlorophyceae
Coelastrum 
psudomicroporum

+

Cosmarium sp.

Closterium aciculare +

Eudorina elegans 

Oedogonium sp. + + + + + +

Pediastrum duplex + +

Scenedesmus acuminatus +

Scenedesmus ecornis + + + + +

Scenedesmus quadricauda + + + + + + +

Staurastrum sebaldii +

Spirogyra sp. + + +
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Diversity
During July 2004, the diversity of the phytoplankton in Lake Budi presented 

a wide variation between stations, fluctuating between a minimum of 0.132 in 
the Comué station and a maximum of 0.938 in the Temo station (Fig. 5). 

In January 2005, the values for the diversity index fluctuated between 
0.095 and 0.905, with the highest and lowest indices again being at the Comué 
and Temo stations respectively. The phytoplankton diversity during this period 
diminished in all the stations, with the exception of Bolleco, where an increase 
in the index as against July 2004 was observed (Fig. 5).

Fig. 5: Phytoplankton diversity in Lake Budi during July 2004 and January 
2005.

DISCUSSION

Based on the results obtained, it can be established that the physical and 
chemical characteristics of the water in Lake Budi vary according to the time of 
sampling, and that the variations are dependent on the parameter under analysis. 
However in terms of water quality, the concentrations of the parameters analysed 
would indicate that the quality of this lake is good, and indeed could be classified 
in the category of exceptional for surface water [25].

Nevertheless in the summer period, with the increase in temperature and the 
higher concentration of organic material, especially in the Río Budi, Botapulli, 
Deume 1, 2 and 3 stations, the concentration of oxygen in the water is reduced, 
resulting in reduced  water quality.

With respect to the phytoplankton communities, although the Bacillariophyceae 
or diatom group remains dominant in the lake during both winter and summer 
periods, there are differences between the two periods, which are expressed in 
the species which dominate the communities and in their presence in the different 
sampling stations. This provides evidence that the modifications of the limnological 
conditions in the body of water influence and allow the development of the different 
components of the phytoplankton communities during the periods analysed. 

This influence of the physical and chemical parameters was clearly reflected in 
the statistical analysis, which shows the relationship between the diatoms and the 
environmental variables considered. These data indicate a high correlation during 
July 2004 between the distribution of the diatoms and the salinity and oxygen in 
solution variables, while during the summer of 2005 the variables which have the 
greatest influence on the diatoms of Lake Budi are BOD, nitrates and salinity. It 
should be mentioned that the parameters for inorganic solids in suspension and 
phosphates were also analysed in this study, however they were not considered in the 
analysis of the results since they constitute co-variables of the other environmental 
parameters, making the execution of the statistical analyses more unstable. 

The reduction in salinity during the winter period, resulting from an increase 
in precipitation and a greater inflow of water from the lake’s tributaries, seems 
to be a determining factor for phytoplankton communities during this period, and 
thus having an important influence on the species of which they are composed. 
The presence of the marine diatom Chaetoceros sp. in the Deume 3 station shows 
of marine influence in the lake in this period. Furthermore, the greater values for 
salinity recorded in the Río Budi, Allipén, Botapulli, and Deume 1, 2 and 3 stations 
would enable us to indicate that these areas of the lake receive a greater marine 
influence during the periods of sea water intrusion. On the other hand, the high 
salinity values recorded in the summer would be attributed to a concentration 
process of the salts in the water column, since there are high rates of evaporation in 
Lake Budi during summer. 

The variations of the physical and chemical parameters in Lake Budi would 
also reflect the fact that the limnological conditions in the lake are not spatially 
homogenous, since differences were observed not only between the different 
sampling periods, but also between the different stations analysed.

In this regard, the grouping analysis for both sampling periods indicates 
that the clustering of the most of the stations depend of the study period, but 
the Comué and Bolleco stations remain together and separated from the others. 
This probably results from the lower exposure of these two stations to marine 
influence, which is supported by the low salinity values recorded in both 
sampling periods, and also by the location of these sites in the lake.
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