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Abstract 
 

The Quimbo Dam was built over the Magdalena River in 2011 and started 

functioning in November 2015. In this research the composition of phytoplankton 

during its first stages of functioning was studied through qualitative-quantitative 

analysis as well as the relation among the most abundant species and the 

physicochemical parameters of pH, DO, water Temperature, and conductivity 

though correlation analysis. Quantitative results of microalgae were analyzed with 

diversity indexes of Shannon, Margalef, Simpson and, Dominance. A total of 12 

Classes, 58 genders, and 84 species, including 8 new registers for Colombia were 

found. The classes BACILLAROPHYCEAE, CHOLORPHYCEAE and 

CYANOPHICEAE were the most abundant in species and cells/ml. Eight species 

represented more than 10% of the total cells/ml in every sample and they are all 

related with eutrophic conditions. Dissolved oxygen and pH were measured at three 

different depths in four stations showing a clear tendency to hypoxia. Further 

studies are needed as well as sustainable strategies of management and monitoring 

for the dam, to prevent it from reaching a deadline sooner than needed and affecting 

even more the Magdalena river basin. 
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Introduction 
 

The construction of Dams is one of the biggest human impacts on fresh water 

ecosystems (Nilsson et al, 2005; Braatne et al 2008). When damming a river, two 

dramatic changes occur, a terrestrial ecosystem gets flooded and a river valley is 

changed into a reservoir (Roldán, 1992; Nilsson and Berggren 2000). Additionally, 

the damming and flow regulation have huge impacts downstream along all the river 

basin (Johnson 1998; Rood et al., 2005), due to changes in the quantity and quality 

of water, the reduction of suspended sediments and the fragmentation of the habitat, 

specifically the river corridor, which interrupts the upstream passage of biota 

(Jansson et al 2000, Magilligan et al, 2003, Braatne et al 2008).  

Colombia is one of the richest countries in terms of freshwater, the apparent 

abundance of such resource, has called the attention of some international 

companies who seek to invest in the construction of dams in Colombia, especially 

along the Magdalena river (the most important river of Colombia, in terms of 

economy) to sell electricity in their countries. And that is how one of the biggest 

dams in Colombia is born, the hydroelectric of Quimbo, mainly supported by the 

Spanish and Italian companies ENDESA and ENEL (Bonilla et al, 2011).  

The hydroelectric of Quimbo is in the department of Huila, in the south of 

Colombia, between the Eastern and central mountain ranges of Los Andes in 

Colombia, 70 km southwards from the city of Neiva. The hydroelectric of Quimbo 

encompasses the municipalities of Gigante, Garzon, Agrado, Altamira, Paicol and 

Tesalia, uses the water from the rivers Magdalena and Suaza, has a longitude of 55 

km, its width ranges between 1.4 and 4 km, and the flooding area covers a total of 

8250 hectares providing a total volume of 3215 hm3 (Bonilla et al, 2011). 

Despite the many socio economic and environmental problems that this project 

presupposed, its construction started in 2010 and it has been actively working since 

2014. In this research we started studying the quality of the water in the Quimbo 

DAM, by using some physicochemical parameters and the abundance and diversity 

of phytoplanktonic species, we provide more information about the phytoplankton 

in the upper part of the Magdalena river basin, and set the first step in the monitoring 

process of the water quality in this Dam, which affects, as mentioned above the 

whole system of the Magdalena river basin.    

 

Methods 
 

Study Area   
 

The hydroelectric of Quimbo is located 70 km south to Neiva the capital of Huila 

department, on the Magdalena high river basin. It influences the municipalities of 

Garzón, Gigante, El Agrado and Altamira, has a total of 8250 hectares. Seven 

stations were selected along the dam, to collect information from its main 

tributaries, entrance, central area, and floodgates (Fig. 1).  
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Fig. 1. Map of the Study Stations of the Quimbo Dam 

 

Sample Collection 
 

Water samples were collected since May 2017 to August 2017, every month. 

Sampling points were determined by a GARMIN handheld global positioning 

system (GPS). Samples were collected following the methodology of Wetzel and 

Likens (2000) and Roldán and Ramírez (2008). Samples for the qualitative analysis 

were obtained by filtering 30 liters of water at 20 cm depth. A concentrate of 300 

ml was obtained and fixed with Transeau solution at 1:1 rations in recipients of 600 

ml. For the quantitative analysis triplicates were taken using an Alpha sampling 

bottle of 2 litters at 15 cm depth, from which 400 ml were preserved with 2 ml of 

Lugol. The quantification of phytoplankton was made with the sedimentation 

method and observed with an inverted microscope (Karlson et al, 2010), according  
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to the methodology of Utermöhl (1958), by using 10 ml chambers, after a 24 hour 

sedimentation period, counting random fields until a maximum of 400 individuals 

of the most abundant species, to have a statistical confidence level of 0.95 (Wetzel 

and Likens, 2000). In this research each alga was considered as an individual 

(unicellular, colony or filament). The values are reported in individuals/mL, using 

the formula of APHA (2012). The identification and classification of phytoplankton 

was made by using the classification guides and keys of Round et al. (1990), 

Kramer and Lange–Bertalot, (1991), Hoek et al., (1997), Bicudo and Menezes, 

(2006), and Guiry and Guiry, (2012). PH and Dissolved Oxygen (DO), water 

temperature and conductivity were measured at the same time of phytoplankton 

collection by using calibrated digital multi-meter (HACH, 51910). DO and pH were 

measured at three different depths (0 m, 5 m, 10 m) in four of the seven stations 

(Beginning of the Dam, Loro River, Dam point 2 and Dam Floodgates).   

 

Data Analysis  

 

Quantitative results are reported in Cell/mL, following APHA (2012). A Spearman 

correlation analysis was applied using the statistical software SPSS to verify 

associations between the most abundant species of algae and the physicochemical 

parameters of pH, DO, water temperature and conductivity. A two-way ANOVA 

was run to test differences between sampling points and months (Zar, 1999), and, 

diversity indexes of Margalef, Shannon, Simpson and Dominance were calculated 

for months and sampling points using the software package PAST 3.0. Finally, pH 

and Dissolved Oxygen profiles were used to interpret data.  

 

Results 
 

A total of 84 taxa were registered, distributed in 12 classes: Bacillariophyceae 

(21%), Chlorophyceae (20%), Cyanophyceae (19%), Conjugatophyceae (10%), 

Trebouxiophyceae (10%), Synrophyceae (8%), Chrysophyceae (2%), 

Coscinodiscophyceae (2%), Dinophyceae (2%), Euglenophyceae (2%), 

Mediophyceae (2%) and Klebsormidiophyceae (2%).  

 

Table 1. Microalgae taxa identified in Quimbo dam 

CLASE Genus Specie 

BACILLARIOPHYCEAE 

Cocconeis Coconeis placentula 

Cymbella Cymbella ventrícosa 

Diatoma Diatoma vulgaris 

Eunotia Eunotia bigibba 

Fragilaria 
Fragilaria crotonensis 

Fragilaria capucina 

Gomphonema Gomphonema parvulum 

Gyrosigma Gyrosigma acuminatum 
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Table 1. (Continued): Microalgae taxa identified in Quimbo dam 

 

 

Navicula Navicula cuspidate 

Nitzschia Nitzschia filiformis 

Pinnularia 
Pinnularia biceps 

Pinnularia major 

Surirella Surirella robusta 

Synedra Synedra ulna 

Tabellaria tabellaria flocculosa 

CHLOROPHYCEAE 

Ankistrodesmus Ankistrodesmus gracile 

Eudorina Eudorina elegans 

Golenkinia Golenkinia sp. 

Kirchneriella 
Kirchneriella lunaris 

Kirchneriella obsea 

Pandorina Pandorina morum 

Pediastrum 

Pediasitrum simplex 

Pediastrum duplex 

Pediastrum tetras 

Quadrigula Quadrigula chodatii 

Scenedesmus 

Scenedesmus acuminatus 

Scenedesmus dimorphus 

Scenedesmus ecornis 

Scenedesmus quadricauda 

Selenastrum Selenastrum gracile 

Sphaerocystis Sphaerocystis schroeteri 

Tetraedron 

Tetraedron minimun 

Tetraedron gracile 

Tetraedron trigonum+ 

Volvox 
Volvox aureus+ 

Volvox globator+ 

CHRYSOPHYCEAE Dinobryon Dinobryon divergens 

CONJUGATOPHYCEAE 

Closterium 
Closterium acutum 

Closterium moniliferum 

Arthrodesmus Arthrodesmus incus 

Cosmariun 
Cosmarium botrytis 

Cosmarium lundelli 
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Table 1. (Continued): Microalgae taxa identified in Quimbo dam 
 

 

Phymatodocis Phymatodocis irregulare + 

Spirogira Spirogyra porticalis 

Staurastrum 

Staurastrum anatinum+ 

Staurastrum chaetoceras 

Staurastrum gracile 

Staurastrum leptocladum 

COSCINODISCOPHYCEAE Melosira 
Melosíra granulate 

Melosíra ítalica 

CYANOPHYCEAE 

Anabaena 
Anabaena circinalis 

Anabaena sphaerica 

Nostoc Nostoc sp. 

Aphanizomenon Aphanizomenon gracile 

Aphanocapsa Aphanocapsa delicatisima 

Chroococcus Chroococcus turgidus 

Gloeocapsa Gloeocapsa sp. 

Lyngbya Lyngbya gracile 

Merismopedia Merismopedia convolute 

Microcystis Microcystis aeruginosa 

Oscillatoria Oscillatoria prínceps 

Spirulina Spirulina platensis 

DINOPHYCEAE 

Ceratium Ceratium hirudinella 

Peridinium 
Peridinium cinctum 

Peridinium cunningtonii 

EUGLENOPHYCEAE 

 

Euglena 
Euglena polymorpha 

Euglena gracilis 

Phacus 

Phacus longicauda 

Phacus pleuronectes 

Phacus triqueter 

Trachelomona 

Thachelomonas hispida 

Trachelomonas pyramidata 

Trachelomonas armata 

TREBOUXIOPHYCEAE 

Actinastrum Actinastrum hantzschii 

Botryococcus Botryococcus braunii 

Closteriopsis Closteriopsis acicularis+ 
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Table 1. (Continued): Microalgae taxa identified in Quimbo dam 

 

 

Dictyosphaerium 
Dictyosphaerium ehrenbergianum 

Dictyosphaerium pulchellum 

Micractinium Micractinium bornhemiense+ 

Oocystis Oocystis lacustris 

MEDIOPHYCEAE Cyclotella Cyclotella meneghiniana 

KLEBSORMIDIOPHYCEAE Elakatothrix Elakatothrix viridis+ 

SYNUROPHYCEAE Mallomonas Mallomonas caudata 

 

The 8 taxa marked with + symbol had not been reported for Colombia in any 

previous research. 

The most abundant species were Staurastrum leptocladum, Microcystis aeruginosa, 

Fragilaria crotonensis, Peridinium cunningtonii, Scenedesmus quadricauda, 

Eudorina elegans, Ceratium hirundinella and Aphanizomenom gracile. 

 
 

Fig. 2. Abundance of phytoplankton classes in each site and for month 
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For the stations it is interesting to highlight that Garzon River presented the highest 

amount of DINOPHYCEAE and Dam point 1 the highest abundance of 

CHLOROPHYCEAE. As for the months May and August presented the highest 

abundance of CYANOPHYCEAE.    

 

After the two-way ANOVA test, the only statistically significative difference 

occurs between the sampling points Garzón River and the Dam Floodgates (p < 

0.0419).  

 

 
 

Fig. 3. Diversity indexes for Stations and Months 
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Table 2. Correlation table for most abundant species and physicochemical 

parameters using Spearman distances. 

 

  

Fragilari

a 
crotonens

is 

Eudorin
a 

elegans 

Staurastru

m 
leptocladu

m 

Aphanizomen

on gracile 

Microcyst

is 
aeruginos

a 

Ceratium 
hirundinell

a 

Peridinium 
cunnington

ii 

Conductivi

ty 

Eudorina 

elegans 

    0,599  0,562  

Staurastrum 

leptocladum 
0,845   0,667  0,52   

Aphanizomen

on gracile 
0,721  0,667   0,566 0,504 0,578 

Microcystis 

aeruginosa 

 0,599     0,644  

Ceratium 

hirundinella 
0,645  0,52 0,566   0,595  

Peridinium 

cunningtonii 

 0,562  0,504 0,644 0,595   

Conductivity 
   0,578     

 

The correlations presented in the table are significant at the level of 0,01. 

 

 

Figure 4. pH-OD profiles 
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Superficial highest value of D.O was registered in Loro River (6.77 mg/L) and, 

lowest (4.88 mg/L) in Beginning of the Dam, at the same time highest superficial 

pH was highest (8.94) in Loro River and lowest (7.7) in Beginning of the Dam. The 

lowest value of dissolved oxygen registered is 2.64 at 10 m in Loro River. 

 

Discussion 
 

A total of 84 species and 12 classes were registered, 8 species are new registers for 

Colombia which supplies information of great value for further studies, and 

enriches the knowledge about phytoplankton in the country. The classes that 

provided most species and most of the abundance were Bacillarophyceae, 

Conjugatophyceae, Cyanophyceae and Chlorophyceae. 

The most abundant species indicate organic contamination, Staurastrum 

leptocladum is common for eutrophic water (Pinilla, 2000) Microcystis aeruginosa 

can be toxic for cows, wild animals, fish and humans, due to its production of 

hepatoxins such microcystine; this cyanobacteria tends to bloom in still body waters 

that contain high concentrations of phosphorus (Šejnohová, 2008); the presence of 

Microcystis in the water reflects an eutrophication process (Vásquez et al., 2006); 

Fragilaria crotonensis, belongs to mesotrophic environments (Pinilla, 2000), 

Peridinium cunningtonii, is typical of eutrophic and hypertrophic ecosystems 

(Pinilla, 2000). Scenedesmus quadricauda is usually found in eutrophic ecosystems 

with high levels of sedimentation and conductivity (Pinilla, 2000);  Eudorina 

elegans, is found in mesotrophic and eutrophic waters with long dry periods and 

low mineralization; Ceratium hirundinella can produce blooms in mesotrophic and 

eutrophic lakes and dams, and even though they are not toxic, they change the color 

and flavor of the water and can produce toxins that generate depletion of oxygen 

affecting fish and other biota (Almanza et al., 2016); finally, Aphanizomenom 

gracile, is found in trophic and hypertrophic systems and produce neurotoxins 

(Pinilla, 2000; Forjan, 2008) known as saxitoxins and cylindrospermopsin (CYN) 

that can affect the health of wildlife and humans, causing pathological symptoms 

in various organs of the body, can cause  mutagenic and carcinogenic effects and 

have antibacterial activity (Froscio et al. 2003; van Apeldoorn et al. 2007, 

Rasmussen et al. 2008, Žegura et al. 2011). 

Diversity indexes for stations show a Margalef index > 5, Simpson > 0.81, Shannon 

between 2 and 3, showing medium diversity; dominance index shows that there 

were no predominant species in any of the sampling sites. Considering that the dam 

has been operating for a short time, it is normal not to find dominant species or low 

diversity indexes. It is very important to highlight the big diversity result obtained 

for site 1, Garzón River, which is the most polluted site inside the dam, were the 

activity of methanogenic bacteria is obvious on the surface and the color and smell 

of the water clearly reflect high eutrophication level. It is very likely that over the 

time and the successional process of the dam this site will show very different 

indexes of diversity in a near future. Diversity indexes for months show a higher 

Margalef value of 6.2 during July and 4.93 for August; which clearly reflects 

environmental conditions; June and July belong to the dry season whilst May and  
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August to the rainy season, precipitation levels in May and August were much 

higher (136 mm, 145 mm) than June and July (66mm, 50mm), according to the 

closest meteorological station (located in Garzón – Huila at 02° 11' 24.3" N, 75° 36' 

18.2W). For tropical reservoirs, precipitation is one the main factors that promote 

changes in phytoplankton composition and dynamics (Chellappa and Costa, 2003; 

Jöhnk et al., 2008; Delpla et al., 2009; and Gast et al., 2014), in this study, the 

dominance of CYANOPHYCEAE persisted during the rainy season and 

CONJUGATOPHYCEAE during dry season. As for the stations, we can see that 

Garzon River has the highest abundance of DINOPHYCEAE and 

CYANOPPHYCEAE which relates to the fact that, once again, this is the most 

polluted station and as it has been well studied, these two classes of algae can 

proliferate very well under these conditions (Spector, 1984; Bittencourt-Oliveira et 

al., 2012), and with time they could bloom triggering all the consequences that 

blooms imply (Anderson et al., 2002; Allen et al., 2008; Havens 2008).   

 

The results obtained with the two-way ANOVA analysis show that there is only 

one significant difference between the abundance of algae, between the stations of 

Garzon River and Dam floodgates. As it can be seen in figure 2, there is an 

important difference between those two stations especially in the diversity and 

amount of the group CYANOPHYCEAE which is highest in Garzon River. 

Although the ANOVA did not show any other statistically significant difference, 

we can observe in figure number two some remarkable differences not only between 

these two stations but also between Garzon river and Dam Point 1 which presents 

the highest abundance and diversity of the group CHLOROPHYCEAE. The 

differences are mainly due to the fact that Garzon river is the stream of water on 

which all the sewage, gray water and industrial waste from the Garzon area is 

dumped, which, like many other municipalities in Huila, does not have a wastewater 

treatment plant. These contributions of contaminated water increase the organic 

matter and therefore the reproduction of certain algal groups such as 

DINOPHYCEAE (Rigosi, A. et al; 2014). On the other han the station Dam Point 

1 is far away from any stream that has such situation which promotes other algal 

groups growth such as CHLOROPHYCEAE (Spivak, A.C; 2015).  

Table 2 shows significant correlation values among the most abundant species and 

the physicochemical parameters at the level of 0,001. All of them positive and most 

of them occur between algae species, showing that they tolerate the same conditions 

and do not compete for resources. The highest correlations occur between 

Fragilaria crotonensis and Staurastrum leptocladum (0,845) and, between 

Fragilaria crotonensis and Aphanizomenon gracile (0,721); the three species 

belong to eutrophic conditions and high concentrations of Nitrogen and tolerate 

deficiency of Carbon (Reinolds et al, 2002). Other interesting correlation occurs 

between Aphanizomenon gracile and conductivity (0,578), indicating its tolerance 

towards high concentration of total dissolved solids which is the situation close to 

the sampling sites were rivers from towns arrive.    

The behavior of phytoplankton in Quimbo Dam reflects the abundance of pioneer 

species with short life cycles and fast reproductive rates (Fragilaria and Synedra),  
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who prepare the environment for other species like Scenedesmus and Eudorina, 

leaving the environment ready for late species with longer life cycles and slower 

reproduction rates such as Staurastrum; following the pattern of an ecological 

succession (Osorio et al., 2014). The enrichment with nutrients alters the 

dominance of the algal classes as it can be graphically seen in Figure 3, 

CYANOPHYCEAE and DYNOPHYCEAE are most abundant under richer 

conditions of nutrients unlike CHLOROPHYCEAE which proliferates better under 

lower concentrations of nutrients (Almanza et al., 2016).     

The D.O profiles show a clear tendency to hypoxia (O.D between 0-5 mg/L) in all 

stations, which reflects the decomposition of organic matter resulting from flooding 

the lands to build the structure, as it has been mentioned above the dam is relatively 

young, being flooded in 2014 it has not still reached its highest volume, and lots of 

organic matter from plants are still in a decomposition process which generates 

hypoxic conditions in the lower levels of the Dam. Further studies should focus on 

vertical stratification of the phytoplankton community and add other 

physicochemical parameters. The pH did not show significant variations between 

wet and dry seasons and the lowest values of D.O occurred during rainy season due 

to the inflow carrying solutes from the rivers (Zinabu, 2002). 

 

Conclusion 
 

The Quimbo Dam at its first stages of functioning shows high diversity and low 

values of dominance, which belongs to the first stages of the successional steps in 

this ecosystem. The values of D.O show that there is a clear tendency to 

eutrophication, that there is organic matter in decomposition, and the abundance of 

some species of algae can be an alert signal because the conditions of the water 

favor their growth and can produce blooms affecting the whole ecosystem, which 

involves not only other dams in the river but all the Magdalena river basin. Further 

studies are needed to evaluate the concentrations of Nutrients, to stablish the quality 

of water with physicochemical variables and other bioindicators and, to follow the 

variation of phytoplankton during the successional stages of the Dam.     

 

 

References 
 

[1] J.I. Allen, T.J. Smyth, J.R. Siddorn and M. Holt, How well can we forecast high 

biomass algal bloom events in a eutrophic coastal sea? Harmful Algae, 8 (2008), 

no. 1, 70-76. https://doi.org/10.1016/j.hal.2008.08.024  

 

[2] V. Almanza, C. Bicudo, O. Parra, R. Urrutia, Características morfológicas y 

limnológicas de las floraciones de Ceratium furcoides (Dinophyta) en un lago 

somero de Chile Central, Limnetica, 35 (2016), 253 – 268. 

 

[3] V. Almanza, O. Parra, C. Bicudo, M. González, M. López and R. Urrutia, 

Floraciones de fitoplancton y variación de la estructura comunitaria fitoplanctonica  

https://doi.org/10.1016/j.hal.2008.08.024


 

Composition of the phytoplankton community in the first stages …                              919 

 

 

en tres lagos someros eutróficos de Chile central, Gayana Botánica, 73 (2016), no. 

2, 191-205. https://doi.org/10.4067/s0717-66432016000200191   

        

[4] American Public Health Association (APHA), American Water Works 

Association (AWWA), Water Pollution Control Federation (WPCF), Standard 

methods for the examination of water and wastewater, 22nd ed., Washington: USA: 

American Public Health Association, 2012.   

 

[5] D.M. Anderson, P.M. Glibert, J.M. Burkholder, Harmful algal blooms and 

eutrophication: nutrient sources, composition, and consequences, Estuaries, 25 

(2002), 704–726. https://doi.org/10.1007/bf02804901   

 

[6] D.M. Bicudo, M. Menezes, Gêneros de algas de águas continentais do Brasil: 

chave para identificação e descrições. Rima, Rio de Janeiro, Brazil, 2006. 

 

[7] M.C. Bittencourt-Oliveira, S.N. Dias, A.N. Moura, M.K. Cordeiro-Araújo and 

E.W. Dantas, Seasonal dynamics of cyanobacteria in a eutrophic reservoir 

(Arcoverde) in a semi-arid region of Brazil, Brazilian Journal of Biology, 72 

(2012), no. 3, 533-544. https://doi.org/10.1590/s1519-69842012000300016   

 

[8] T.C. Bonilla, R. Guzmán, A. Vega, Proyecto Hidroeléctrico El Quimbo, Informe 

Técnico y de Gestión, Programa de productividad y competitividad agropecuaria 

del Huila. (2011), 21.  

 

[9] J. Braatne, E. Stewart, B. Rood, E. Lori, A. Goater and L. Charles, Analyzing 

the Impacts of Dams on Riparian Ecosystems: A Review of Research Strategies and 

Their Relevance to the Snake River Through Hells Canyon, Blair Environmental 

Management, 41 (2008), 267–281. https://doi.org/10.1007/s00267-007-9048-4  

 

[10] N.T. Chellappa, M.A.M. Costa, Dominant and co-existing species of 

cyanobacteria from an eutrophicated reservoir of Rio Grande do Norte state, Brazil, 

Acta Oecologica, 24 (2003), no. 1,  3-10.  

https://doi.org/10.1016/s1146-609x(03)00005-5  

 

[11] I. Delpla, A.V. Jung, E. Baures, M. Clement and O. Thomas, Impacts of 

climate change on surface water quality in relation to drinking water production, 

Environment International, 35 (2009), no. 8, 1225-1233. 

https://doi.org/10.1016/j.envint.2009.07.001  

 

[12] E. Forjan, M. Dominguez, C. Vilchez, R. Miguel, C. Costa, M. Reis, 

Cianoalerta: estrategia para el desarrollo de cianobacterias toxicas en embalses, 

Ecosistemas, Revista Científica y Técnica de Ecología y Medio Ambiente, 17 

(2008), 37 – 45. 

 

 

https://doi.org/10.4067/s0717-66432016000200191
https://doi.org/10.1007/bf02804901
https://doi.org/10.1590/s1519-69842012000300016
https://doi.org/10.1007/s00267-007-9048-4
https://doi.org/10.1016/s1146-609x(03)00005-5
https://doi.org/10.1016/j.envint.2009.07.001


 

920                                                                                     Paula Martínez Silva et al. 

 

 

[13] S.M. Froscio, A.R. Humpage, P.C. Burcham, I.R. Falconer, 

Cylindrospermopsin-induced protein synthesis inhibition and its dissociation from 

acute toxicity in mouse hepatocytes, Environ. Toxicol., 18 (2003), 243–251. 

https://doi.org/10.1002/tox.10121  

 

[14] L. Gast, A. Moura, M.C.P. Vilar, M.K. Cordeiro-Araújo and M.C. Bittencourt-

Oliveira, Vertical and temporal variation in phytoplankton assemblages correlated 

with environmental conditions in the Mundaú reservoir, semi-arid northeastern 

Brazil, Brazilian Journal of Biology, 74 (2014), no. 3, 93-102. 

https://doi.org/10.1590/1519-6984.27612  

 

[15] M.D. Guiry and M. Guiry. AlgaeBase. World-wide electronic publication, 

National University of Ireland, Galway, (2012). http://www.algaebase.org 

 

[16] K.E. Havens, Cyanobacteria blooms: effects on aquatic ecosystems, Chapter 

in Cyanobacterial Harmful Algal Blooms: State of The Science and Research 

Needs, Vol. 619, H.K. Hudnell (ed.), Springer Press, New York. 2008, 733–747. 

https://doi.org/10.1007/978-0-387-75865-7_33  

 

[17] C. van den Hoek, D.G. Mann and H.M. Jahns, Algae: An Introduction to 

Phycology, Cambridge, Cambridge University Press, 1997. 

 

[18] R. Jansson, C. Nilsson, B. Renofalt, Fragmentation of riparian floras in rivers 

with multiple dams, Ecology, 81 (2000), 899–903. https://doi.org/10.2307/177165   

 

[19] K.D. Jöhnk, J. Huisman, J. Sharples, B. Sommeijer, P.M. Visser and J.M. 

Stroom, Summer heatwaves promote blooms of harmful Cyanobacteria, Global 

Change Biology, 14 (2008), no. 3, 495-512.  

https://doi.org/10.1111/j.1365-2486.2007.01510.x  

 

[20] W.C. Johnson, Adjustment of riparian vegetation to river regulation in the great 

plains, USA, Wetlands, 18 (1998), 608–618. https://doi.org/10.1007/bf03161676  

 

[21] B. Karlson, C. Cusack, E. Bresnan (eds), Microscopic and Molecular Methods 

for Quantitative Phytoplankton Analysis, Paris: UNESCO, (IOC Manuals and 

Guides, Nº. 55.) (IOC/2010/MG/55), 2010. 

 

[22] K. Kramer and H. Lange-Bertalot, Bacillariophyceae. 3. Centrales, 

Fragilariaceae, Eunoticeae. Süsswasserflora von Mitteleuropa, 2 (1991), no. 3. 

 

[23] F.J. Magilligan, K.H. Nislow, B.E. Graber, Scale-independent assessment of 

discharge reduction and riparian disconnectivity following flow regulation by dams, 

Geology, 31 (2003), 569–572.  

https://doi.org/10.1130/0091-7613(2003)031<0569:saodra>2.0.co;2  

 

https://doi.org/10.1002/tox.10121
https://doi.org/10.1590/1519-6984.27612
https://doi.org/10.1007/978-0-387-75865-7_33
https://doi.org/10.2307/177165
https://doi.org/10.1111/j.1365-2486.2007.01510.x
https://doi.org/10.1007/bf03161676
https://doi.org/10.1130/0091-7613(2003)031%3C0569:saodra%3E2.0.co;2


 

Composition of the phytoplankton community in the first stages …                              921 

 

 

[24] C. Nilsson, K. Berggren, Alteration of riparian ecosystems caused by river 

regulation, BioScience, 50 (2000), 783–792. 

https://doi.org/10.1641/0006-3568(2000)050[0783:aorecb]2.0.co;2  

 

[25] C. Nilsson, C.A. Reidy, M. Dynesius, C. Revenga, Fragmentation and flow 

regulation of the world’s large river systems, Science, 308 (2005), 405–408. 

https://doi.org/10.1126/science.1107887  

 

[26] Farid Jesús Osorio Ávila, Javier Rodríguez Barrios, Yimmy Montoya Moreno, 

Sucesión de microalgas perifíticas y tributarios del río Gaira, Sierra Nevada de 

Santa Marta – Colombia, Acta Biológica, 20 (2014), no. 2, 119-131. 

https://doi.org/10.15446/abc.v20n2.41932  

  

[27] G. Pinilla, Indicadores Biológicos en Ecosistemas Acuáticos Continentales de 

Colombia, Centro de investigaciones científicas, fundación universitaria Jorge 

Tadeo Lozano, 2000. 

 

[28] J.P. Rasmussen, M. Cursaro, S.M. Froscio, C.P. Saint; An examination of the 

antibiotic effects of cylindrospermopsin on common gram-positive and gram-

negative bacteria and the protozoan Naegleria lovaniensis, Environ. Toxicol., 23 

(2008), 36–43. https://doi.org/10.1002/tox.20311  

 

[29] C.S. Reynolds, V. Huszar, C. Kruk, L. Naselli-Flores and S. Melos, Towards 

a functional classification of the freshwater phytoplankton, Journal of Plankton 

Research, 24 (2002), no. 5, 417-428. https://doi.org/10.1093/plankt/24.5.417  

 

[30] A. Rigosi, C. Carey, W. Ibelings and J. Brookes, The interaction between 

climate warming and eutrophication to promote cyanobacteria is dependent on 

trophic state and varies among taxa, Limnolycal Oceanography, 59 (2014), 99–114.  

https://doi.org/10.4319/lo.2014.59.1.0099  

 

[31] G. Roldán, J. Ramírez, Fundamentos De Limnología Neotropical, 2da ed., 

Medellín: Editorial Universidad de Antioquia, 2008. 

 

[32] G. Roldan, Fundamentos de Limnología Neotropical, Editorial Universidad de 

Antioquia, 1992. 

 

[33] S.B. Rood, G.M. Samuelson, J.H. Braatne, C.R. Gourley, F.M.R. Hughes, J.M. 

Mahoney, Managing river flows to restore floodplain forests, Frontiers in Ecology 

and the Environment, 3 (2005), 193–201. 

https://doi.org/10.1890/1540-9295(2005)003[0193:mrftrf]2.0.co;2  

 

[34] F.E. Round, R.M. Crawford and D.G. Mann, The Diatoms: Biology and 

Morphology of Genera. Cambridge, Cambridge University Press, 1990.  

 

https://doi.org/10.1641/0006-3568(2000)050%5b0783:aorecb%5d2.0.co;2
https://doi.org/10.1126/science.1107887
https://doi.org/10.15446/abc.v20n2.41932
https://doi.org/10.1002/tox.20311
https://doi.org/10.1093/plankt/24.5.417
https://doi.org/10.4319/lo.2014.59.1.0099
https://doi.org/10.1890/1540-9295(2005)003%5b0193:mrftrf%5d2.0.co;2


 

922                                                                                     Paula Martínez Silva et al. 

 

 

[35] L. Šejnohová, Microcystis. Nové poznatky v produkci peptidů, taxonomii a 

autekologii sinice Microcystis, Institute of Botany, Czech Academy of Sciences, 

(2008). 

 

[36] D.L. Spector, Dinoflagellates, Academic Press Inc., New York, 1984. 

  

[37] A. Spivak, Benthic biogeochemical responses to changing estuary trophic state 

and nutrient availability: A paired field and mesocosm experiment approach, 

Limnolycal Oceanography, 60 (2015), 3–21. https://doi.org/10.1002/lno.10001  

 

[38] H. Utermöhl, Zur Vervollkomnung der quantitativen Phytoplankton-

Methodik, Mitteilungen. Internationale Vereiningung fuer Theoretische und 

Angewandte Limnologie, 9 (1958), 1-38. 

https://doi.org/10.1080/05384680.1958.11904091  

 

[39] M.E. van Apeldoorn, H.P. van Egmond, J.A. Gerrit, A. Speijers, G.J.I. Bakker, 

Toxins of cyanobacteria, Mol. Nutr. Food Res., 51 (2007), 7–60. 

https://doi.org/10.1002/mnfr.200600185  

 

[40] C. Vásquez, A. Ariza, G. Pinilla, Descripción del estado trófico de diez 

humedales del altiplano cundiboyacense, Universitas Scientiarum, Revista de la 

Facultad de Ciencias, 11 (2006), no. 2, 61-75. 

 

[41] R.G. Wetzel, G.E. Likens, Limnological Analyses, 3rd ed., New York: 

Springer-Verlag, 2000. https://doi.org/10.1007/978-1-4757-3250-4  

 

[42] J.H. Zar, Biostatistical Analysis, Prentice-Hall, Upper Saddle River, 1999. 

 

[43] B. Žegura, G. Gajski, A. Štraser, V. Garaj-Vrhovac, Cylindrospermopsin 

induced DNA damage and alteration in the expression of genes involved in the 

response to DNA damage, apoptosis and oxidative stress, Toxicon, 58 (2011), 471–

479. https://doi.org/10.1016/j.toxicon.2011.08.005  

 

[44] G.M. Zinabu, The effects of wet and dry seasons on concentrations of solutes 

and phytoplankton biomass in seven Ethiopian rift-valley lakes, Limnologica - 

Ecology and Management of Inland Waters, 32 (2002), 169-179. 

https://doi.org/10.1016/s0075-9511(02)80006-8  

 

[45] R. Rodríguez Serrezuela and L. A. Carvajal Pinilla, Ecological determinants 

of forest to the abundance of Lutzomyia longiflocosa in Tello, Colombia, 

International Journal of Ecology, 2015 (2015), 1-7. 

https://doi.org/10.1155/2015/580718  

 

[46] L. A. C. Pinilla, R. R. Serrezuela, J. David, S. Díaz, M. F. Martínez and L. C. 

L. Benavides, Natural Reserves of Civil Society as Strategic Ecosystems: Case  

https://doi.org/10.1002/lno.10001
https://doi.org/10.1080/05384680.1958.11904091
https://doi.org/10.1002/mnfr.200600185
https://doi.org/10.1007/978-1-4757-3250-4
https://doi.org/10.1016/j.toxicon.2011.08.005
https://doi.org/10.1016/s0075-9511(02)80006-8
https://doi.org/10.1155/2015/580718


 

Composition of the phytoplankton community in the first stages …                              923 

 

 

Study Meremberg, International Journal of Applied Environmental Sciences, 12 

(2017), no. 6, 1203-1213. 

 

[47] L. C. L. Benavides, L. A. C. Pinilla, J. S. G. López and R. R. Serrezuela, 

Electrogenic Biodegradation Study of the Carbofuran Insecticide in Soil. 

International Journal of Applied Engineering Research, 13 (2018), no. 3, 1776-

1783. 

 

[48] L. C. L. Benavides, L. A. C. Pinilla, R. R. Serrezuela, W. F. R. Serrezuela, 

Extraction in Laboratory of Heavy Metals Through Rhizofiltration using the Plant 

Zea Mays (maize), International Journal of Applied Environmental Sciences, 13 

(2018), no. 1, 9-26. 

 

[49] V. A. R. Losada, E. P. Bonilla, L. A. C. Pinilla, R. R. Serrezuela, Removal of 

Chromium in Wastewater from Tanneries Applying Bioremediation with Algae, 

Orange Peels and Citrus Pectin, Contemporary Engineering Sciences, 11 (2018), 

no. 9, 433-449. https://doi.org/10.12988/ces.2018.8235  

 

[50] P. M. Silva, J. L. M. Yustres, L. A. C. Pinilla, R. R. Serrezuela, Structure of 

the Phytoplanktonic Community in a Neotropical Dam with Environmental 

Tension, Contemporary Engineering Sciences, 11 (2018), no. 10, 451 – 465. 

https://doi.org/10.12988/ces.2018.8233  

 

[51] R. R. Serrezuela, J. L. A. Trujillo, A. M. N. Ramos, J. B. R. Zarta, Applications 

Alternatives of Multivariable Control in the Tower Distillation and Evaporation 

Plant, Advanced Engineering Research and Applications, B.S. Ajaykumar and D. 

Sarkar Eds., Nueva Deli, India, Research India Publication, 2018, 452-465. 

 

[52] J. L. A. Trujillo, R. R. Serrezuela, J. B. R. Zarta, A. M. N. Ramos, Direct and 

Inverse Kinematics of a Manipulator Robot of Five Degrees of Freedom 

Implemented in Embedded System-CompactRIO, Advanced Engineering Research 

and Applications, B. S. Ajaykumar and D. Sarkar Eds., Nueva Deli, India, Research 

India Publication, 2018, 405-419. 

 

[53] Y. Muñoz Calderón, A. M. Marín Zambrano, R. Rodriguez Serrezuela, 

Didactic Mathematical Developments Applied to the Learning of Classic Passive 

Filters, Advanced Engineering Research and Applications, B. S. Ajaykumar and D. 

Sarkar Eds., Nueva Deli, India, Research India Publication, 2018, 420-438. 

 

[54] R. R. Serrezuela, M. Á. T. Cardozo, D. L. Ardila, C. A. C. Perdomo, Design 

of a gas sensor based on the concept of digital interconnection IoT for the 

emergency broadcast system, ARPN Journal of Engineering and Applied Sciences, 

12 (2017), no. 22, 6352-6356. 

 

 

https://doi.org/10.12988/ces.2018.8235
https://doi.org/10.12988/ces.2018.8233


 

924                                                                                     Paula Martínez Silva et al. 

 

 

[55] J. L. A. Trujillo, R. R. Serrezuela, V. Azhmyakov, R. S. Zamora, Kinematic 

Model of the Scorbot 4PC Manipulator Implemented in Matlab’s Guide, 

Contemporary Engineering Sciences, 11 (2018), no. 4, 183 – 199. 

https://doi.org/10.12988/ces.2018.8112  

 

 

Received: March 9, 2018; Published: April 16, 2018 

 

 

 

 

https://doi.org/10.12988/ces.2018.8112

