
RESUMEN

La provisión sustentable de agua es esencial para la humanidad, tanto para consumo como 

para el funcionamiento y el crecimiento de sectores económicos basados en recursos naturales 

tales como la energía, la minería y la agricultura. Con el fin de preservar los recursos acuáticos 

para el presente y el futuro, el mantenimiento de la integridad del ecosistema debe ser un 

principio central en el manejo de los cuerpos de agua dulce. En la presente tesis se desarrollan 

modelos biogeoquímicos basados en primeros principios, en el marco de problemas de 

optimización dinámica, con el objetivo de planificar políticas óptimas de restauración para 

cuerpos de agua. Estos modelos, que poseen numerosos parámetros, deben ajustarse a las 

condiciones de los sitios bajo estudio, para proveer luego predicciones confiables. En 

particular, el caso de estudio es el embalse Paso de las Piedras, un reservorio artificial 

construido para proveer de agua potable a las ciudades de Bahía Blanca y Punta Alta y a un 

polo petroquímico, que presenta un marcado grado de eutrofización, con reiteradas 

proliferaciones masivas de algas.  

A lo largo de la tesis, se formulan modelos ecológicos de creciente rigurosidad, sobre los 

cuales se lleva a cabo un análisis de sensitividad global para determinar los principales 

parámetros a identificar. A continuación, se formula un problema de estimación dinámica de 

parámetros, que se resuelve con técnicas de optimización dinámica con enfoque simultáneo. El 

modelo se valida posteriormente con datos adicionales del embalse. La siguiente etapa 

consiste en la formulación de problemas de optimización dinámica cuyas restricciones 

diferenciales algebraicas están constituidas por el modelo ecológico desarrollado. El objetivo, 

en todos los casos, es la reducción de la concentración de fitoplancton y de nutrientes en el 

cuerpo de agua, mediante la determinación de perfiles óptimos de las variables de control que 

se corresponden con la aplicación de técnicas de restauración externas (a través del empleo de 

un humedal artificial para reducción de la carga de nutrientes) y su combinación con técnicas 

internas (biomanipulación y aireación de las capas inferiores). Finalmente, se formula un 

problema de control óptimo en el cual se extiende el modelo ecológico desarrollado para incluir 

las dinámicas de zooplancton y peces, de forma tal de proveer una descripción detallada de las 

estrategias de restauración, así como los costos operativos asociados. Los resultados 



obtenidos para el caso de estudio muestran que la biomanipulación a través de la remoción de 

peces zooplanctívoros es la técnica más económica y efectiva para controlar el crecimiento 

algal.



ABSTRACT

Access to clean, sustainable supplies of water is essential for humans, both as drinking water 

and for the operation and growth of major natural resource sectors, such as energy, mining, 

forest and agriculture. Alterations to the timing and volumes of flow, quality, and temperature of 

freshwater affect both aquatic and terrestrial ecosystems. To safeguard water resources for 

present and future uses, water bodies must be managed with maintenance of the integrity of 

ecosystems as a core principle. In this work, ecological mechanistic and first-principle based 

models are formulated within a dynamic optimization framework to determine restoration 

strategies for water bodies. These models have a large number of physical, chemical and 

kinetic parameters that need to be tuned to the specific site conditions to be able to provide 

reliable predictions. In particular, the case study is an eutrophic reservoir, Paso de las Piedras, 

which has been built to supply drinking water to more than 450,000 inhabitants of two cities in 

Argentina (Bahía Blanca and Punta Alta) and for industrial proposes at a petrochemical 

complex nearby.  

As a first step, a global sensitivity analysis is performed to determine main model parameters 

that have to be identified. The second step includes the formulation of a parameter estimation 

problem within a simultaneous dynamic optimization framework, based on collected data from 

the Reservoir, as well as model validation with an additional data set. Successive optimal 

control problems are formulated, constrained by the calibrated ecological model, to reduce 

phytoplankton and nutrient concentration within the water body. Control variables are 

associated to the different restoration strategies that include nutrient loading decrease through 

derivation of part of a tributary to a wetland, biomanipulation and hypolimnetic aeration. Finally, 

the initial ecological model is extended to include zooplancton and zooplanktivorous fish 

dynamics to provide a more detailed planification of restoration strategies, as well as their 

associated operating costs. Numerical results enforce the fact that biomanipulation is the most 

effective and economical strategy to control algae growth in the case under study. 



Bibliografía citada 

207

Bibliografía citada 

A

Aduriz, M. A., Gargano, A. O., Chimeno, P. Saldungaray, M. C. & Conti, V. P. (2003).  
Caracterización de los agrosistemas predominantes de la cuenca alta del río Sauce 
Grande. INTA. RIA, 32: 3-26. 

Ahlgren, I., Frisk, T. & Kamp-Nielsen, L. (1988). Empirical and theoretical models of 
phosphorus loading, retention and concentration vs. trophic state. Hydrobiologia, 170: 
285-303.

Anagnostidis, K. & Komärek, J. (1988). Modern approach to the classification system of 
Cyanophytes. 3- Oscillatoriales. Arch. Hydrobiol. Suppl. 80. Algol. Stud. 50-53, 327-472. 

Anh, D.T., Bonnet, M.P., Vachaud, G., Van Minh, C., Prieur, N., Vu Duc, L. & Anh, L.L. 
(2006). Biochemical modeling of the Nhue River (Hanoi, Vietnam): practical identifiability 
analysis and parameters estimation. Ecological Modelling, 193: 182-204. 

APHA. (1992). Microbiological Examination of Water In: Standard methods evaluation of 
water one wastewater 18th ed. American Public Health Association, Washington, D.C. 

Arhonditsis, G., Tsirtsis, G. & Karydis, M. (2002). The effects of episodic rainfall events to 
the dynamics of coastal marine ecosystems: applications to a semi-enclosed gulf in the 
Mediterranean Sea. Journal of Marine System, 35: 183–205. 

Arhonditsis, G., Brett, M. T. & Frodge, G. (2003). Environmental control and limnological 
impacts of a large recurrent spring bloom in Lake Washington, USA. Environmental 
Management, 31: 603–618. 

Arhonditsis, G. B. & Brett, M. T. (2005a). Eutrophication model for Lake Washington 
(USA): Part. I. Model description and sensitivity analysis. Ecological Modelling, 187: 140-
178.

Arhonditsis, G. B. & Brett, M. T. (2005b). Eutrophication model for Lake Washington 
(USA): Part II - Model calibration and system dynamics analysis. Ecological Modelling, 
187: 179-200. 

Arhonditsis, G.B., Stow, C.A., Steinberg, L.J., Kenney, M.A., Lathrop, R.C., McBride, S.J., 
Reckhow, K.H. (2006). Exploring ecological patterns with structural equation modeling 
and Bayesian analysis. Ecological Modelling, 192: 385–409. 

Armengol, J., García, J.C., Comerma, M., Romero, M., Dolz, J., Roura, M., Han, B. P., 
Vidal, A. & Simek, K. (1999). Longitudinal processes in canyon type reservoirs: The case 
of Sau (N.E. Spain). In: Theoretical Reservoir Ecology and its Applications. J.G. Tundisi 
& M. Straskraba, 313-345. Internat. Inst. Ecol, Brazilian Academy of Sciences and 
Backhuys Pub. 



Bibliografía citada 

208

Asaeda, T. & Van Bon, T. (1997). Modelling the effects of macrophytes on algal blooming 
in eutrophic shallow lakes. Ecological Modelling, 104: 261–287. 

Azevedo, S. M. F. O., Evans, W. R., Carmichael, W. W. & Namikoshi, M. (1994). First 
report of microcystins from a Brazilian isolate of the cyanobacterium Microcystis 
aeruginosa. Journal of Applied Phycology, 6: 262-265. 

B

Bard, Y. (1974). Nonlinear parameter estimation. Cambridge, MA: Academic Press.

Baklouti, M., Faure, V., Pawlowski, L. & Sciandra, A. (2006). Investigation and sensitivity 
analysis of mechanistic phytoplankton model implemented in a new modular numerical 
tool (Eco3M) dedicated to biogeochemical modelling. Progress in Oceanography, 71: 34-
58.

Behrendt, H. & Schreiber, H. (2004). Point and diffuse nutrient emissions and loads in the 
transboundary Danuve River Basin- A modeling approach. Limnological Reports, 35: 
139-147.

Benndorf, J. (1987). Food web manipulation without nutrient control: A useful strategy in 
lake restoration? Swiss Journal of Hydrology, 49: 237–248. 

Biegler, L. T. (2007). A survey of simultaneous dynamic optimization strategies. Chemical 
Engineering & Processing, 46: 1043-1053.  

Biegler, L. T., Cervantes, A. & Waechter, A. (2002). Advances in simultaneous strategies 
for dynamic process optimization. Chemical Engineering Science, 57: 575–593. 

Bierman, V.J. & James, R.T. (1995). A preliminary modeling analysis of water quality in 
Lake Okeechobee, Florida: diagnostic and sensitivity analyses. Water Research, 29: 
2767-2775.

Bleta, S., Echenique, R., Luppo, D., Márquez, G., Yanzi, A. & Bravo, E. (2003). Estudio 
del fitoplancton del lago Fagnano (Tierra del Fuego, Argentina). Boletín de la Sociedad 
Argentina de Botánica, 38 (Supl.): p 147. 

Blomqvist, P., Pettersson, A. & Hyenstrand, P. (1994). Ammonium-nitrogen: A key 
regulatory factor causing dominance of non-nitrogen-fixing cyanobacteria in aquatic 
systems. Arch. Hydrobiol., 132:141-164. 

Bonnet, M. P. & Poulin, M. (2002). Numerical modeling of the planktonic succession in a 
nutrient-rich reservoir: environmental and physiological factors leading to Microcystis 
aeruginosa dominance. Ecological Modelling, 156: 92-112. 

Bøgestrand, J., Kristensen, P. & Krovang, B. (2005). Source apportionment of nitrogen 
and phosphorus inputs into the aquatic environment. European Environmental Agency 
(EEA), 7: 1-48.  

Bootsma, M. C., Barendregt, A. & van Alphen, J. C. A. (1999). Effectiveness of reducing 
external nutrient load entering a eutrophicated shallow lake ecosystem in the 
Naardermeer nature reserve, the Netherlands. Biological Conservation, 90: 193–201. 

Borsuk, M. E., Higdom, D., Stow, C. A., & Reckhow & K. H. (2001). A Bayesian 
hierarchical model to predict benthic oxygen demand from organic matter loading in 
estuaries and coastal zones. Ecological Modelling, 143: 165–181. 



Bibliografía citada 

209

Boström, B., Ahlgren, I. & Bell, R. (1985). Internal nutrient loading in a eutrophic lake, 
reflected in seasonal variations some sediment parameters. Verh. int. Ver. Limnol., 22: 
3335-3339.

Bourrely, P. (1968). Les Algues d’eau douce. Initiation a la systématique. Tome II: Les 
alguesjaunes et brunes. Ed. N. Boubée & Cie., Paris, 572 pp. 

Bourrely, P. (1970). Les Algues d’eau douce. Initiation a la systématique. Tome I: Les 
algues vertes. Ed. N. Boubée & Cie., Paris, 438 pp. 

Bourrely, P. (1972).  Les Algues d’eau douce. Initiation a la systématique. Tome III: Les 
algues bleues et rouges. Ed. N. Boubée & Cie., Paris, 512 pp. 

Boveri, M. B. & Quirós, R. (2002). Tropic interactions in pampean shallow lakes: 
evaluation of silverside predatory effects in mesocosm experiments. Verh. Internat. 
Verein. Limnol., 28: 1-5.  

Braskerud, B.C. (2000). Factors affecting nitrogen retention in small constructed wetlands 
treating agricultural non-point source pollution. Ecological Engineering, 18: 351-370. 

Bringezu, S., H. Schutz, M. O´Brien, L. Kauppi, R. Howarth, J. McNeely (2009). Assessing 
biofuels. Full report. United Nations Environment Programme. 

Brun, R., Reichert, P. & Künsch, H.-R. (2001). Practical identifiability analysis of large 
environmental simulation models. Water Resources Research, 37: 1015–1030. 

C

Calvo, J. & Dadone, L.A. (1972). Fenómenos reproductivos en el pejerrey 
(Basilichthysbonariensis) I. Escala y tabla de madurez. Rev. Mus. La Plata (N. S.), Zool., 
9: 153-163. 

Calvo, J. & Morriconi, E. R. (1972). Fenómenos reproductivos en el pejerrey (Basilichthys 
bonariensis). III. Estudio de la fecundidad, época y número de desoves. Anal. Com. 
Ivest. Cient. Pcia. de Bs. As. 53: 75-83. 

Campolongo, F., Cariboni, J. & Saltelli, A. (2007). An effective screening design for 
sensitivity analysis of large models. Environmental Modelling & Software, 22: 1509-1518. 

Canfield Jr., D. E. & Hoyer, M. V. (1988). The eutrophication of Lake Okeechobee. In: G. 
Redfield (Editor), Lake Reservoir Management, 4: 91-100.  

Cariboni, J., Gatelli, D., Liska, R. & Saltelli, A. (2007). The role of sensitivity analysis in 
ecological modelling. Ecological Modelling, 203: 167-182. 

Carlson, R. E. (1977). A trophic state index for lakes. Limnology & Oceanography, 22: 
361-369.

Carmichael, W. W. & Schwartz, L. D. (1984). Preventing livestock deaths from bloom-
green algae poisoning. Farmers Bulletin 2275, Washington, DC: US Dept. Of Agriculture.  

Carmichael, W. W. (1992). Cyanobacterial secondary metabolites-cyanotoxins. Journal of 
Applied Bacteriology, 72: 445-459. 

Carmichael, W. W. (1997). The cyanotoxins. Advances in Botanical Research, 27: 211–
256.

Carpenter, S. R., Kitchell, J. F. & Hodgson, J. R. (1985). Cascading trophic interactions 
and lake productivity. BioScience, 35: 634–639. 



Bibliografía citada 

210

Cerco, C.F. & Cole, T.M. (1994). CE-QUAL-ICM: a three-dimensional eutrophication 
model, version 1.0. User’s Guide, US Army Corps of EngineersWaterways Experiments 
Station,Vicksburgh, MS. 

Cervantes, A. M., Waechter, A., Tutuncu, R. & Biegler, L. T. (2000). A reduced space 
interior point strategy for optimization of differential algebraic systems. Computers and 
Chemical Engineering, 24: 39–51. 

Chachuat, B., Roche, N. & Latifi, M. A. (2001). Dynamic optimisation of small size 
wastewater treatment plants including nitrification and denitrification processes. 
Computers & Chemical Engineering, 25: 585–593. 

Chen, C., Ji, R., Schwab, D. J., Beletsky, D., Fahnenstiel, G. L., Jiang, M., Johengen, 
T.H., Vanderploeg, H., Eadie, B., Budd, J. W., Bundy, M. H., Gardner, W., Cotner, J. & 
Lavrentyev, P.J. (2002). A model study of the coupled biological and physical dynamics 
in Lake Michigan. Ecological Modelling, 152: 145–168. 

Chorus, I & Bartram, J. (1999). Toxic Cyanobacteria in Water. E&F Spon, London. 

Chu, P. C., Ivanov, L. M. & Margolina, T. M. (2007). On non-linear sensitivity of marine 
biological models to parameter variations. Ecological Modelling, 206: 369-382. 

Codd, G. A. & Bell, S. G. (1996). The occurrence and fate of blue–green algal toxins in 
freshwaters. National Rivers Authority, R & D Report 29, London. 

Cooke, G. D., Welch, E. B. Peterson, S. A. & Newroth, P. R. (1993). Restoration and 
management of lakes and reservoirs. Boca ratón, FL. Lewis Publishers. 

Cossarini, G. & Solidoro, C. (2008). Global sensitivity analysis of a trophodynamic model 
of the Gulf of Trieste. Ecological Modelling, 212: 16-27. 

Coveney, M. F., Stites, D. L., Lowe, E. F., Battoe, L. E. & Conrow, R. (2002). Nutrient 
removal from eutrophic lake water by wetland filtration. Ecological Engineering, 19: 141–
159.

Cukier, R.I., Fortuin, C.M., Shuler, K.E., Petschek, A.G. & Schaibly, J.H. (1973). Study of 
the sensitivity of coupled reaction systems to uncertainties in rate coefficients. Journal of 
Chemical Physics, 59: 3873–3878. 

Cukier, R.I., Levine, H.B. & Shuler, K.E. (1978). Nonlinear Sensitivity analysis of 
multiparameter model systems. Journal of Computational Physics, 26: 1-42. 

Curry, G. L., Deuermeyer, B. L. & Feldman, R. M., (1989). Discrete Simulation. Holden-
Day, Oakland, CA, 297 pp. 

Cuthrell, J.E. & Biegler, L.T. (1987). On the optimization of differential-algebraic process 
systems.  AIChE, 33: 257.

D

DEFRA. (2002). The Governments Strategic Review of Diffuse Water Pollution from 
Agriculture in England. http://www.defra.gov.uk. 

Denman, K. L. & Peña, M. A. (2002). The response of two coupled one-dimensional mixed 
layer/planktonic ecosystem models to climate change in the NE Subartic Pacific Ocean. 
Deep-Sea Research II., 49: 5739-5757.  

Desikachary, T. V. (1959). Cyanophyta. Ind. Counc. Agr. Res. New Delhi, 686 pp. 



Bibliografía citada 

211

Dillon, P.J. & Rigler, F.H. (1974). A test of a simple nutrient budget model predicting the 
phosphorus concentration in lake water. J. Fish Res. Board. Can., 31: 1771–1778. 

Doherty, J. (2004). PEST model-independent parameter estimation (5th edition of user 
manual). Brisbane, Australia:Watermark Numerical Computing. 

Dolan, D. M. & McGunagle, K. P. (2005). Lake Erie total phosphorus loading análisis and 
update: 1996-2002. Journal of Great Lakes Research, 31: 11-22. 

Drenner, R. W., Threlkeld, S. T. & McCracken, M. D. (1986). Experimental analysis of the 
direct and indirect effects of an omnivorous filter-feeding clupeid on plankton community 
structure. Can. J. Fish. Aquat. Sci. 43: 1935–1945.  

Dubelaar, G. B. J., Geerders, P. J F. & Jonker, R. R. (2004). High frequency monitoring 
reveals phytoplankton dynamics. Journal of Environmental Monitoring, 6: 946–952. 

E

Edmondson, W.T. (1994). Sixty years of Lake Washington: A curriculum vitae. Lake and 
Reservoir Management, 10: 75– 84. 

Elliott, J. A., Irish, A. E. Reynolds, C. S. & Tett, P. (2000). Modelling freshwater 
phytoplankton communities: an exercise in validation. Ecological Modelling, 128: 19-26. 

Elliott, J.A. & Thackeray, S.J. (2004). The simulation of phytoplankton in shallow and deep 
lakes using PROTECH.  Ecological Modelling, 178: 357-369.  

Environmental Protection Agency (2010). EPA 841-R-09-001, National Lakes 
Assessment. A Collaborative Survey of the Nation’s Lakes. 

EPA (U.S. Environmental Protection Agency). (2003). Draft guidance on the development, 
evaluation, and application of regulatory environmental models. The Council for 
Regulatory Environmental Modeling (CREM), Office of Science Policy, Office of 
Research and Development, Washington, DC. 

Escalante, A. H. (2001). Alimentación natural del pejerrey. In: Grosman, F. (ed) 
Fundamentos biológicos, económicos y sociales para una correcta gestión del recurso 
pejerrey. Editorial Astyanax, Azul, pp 67-75. 

Estrada V., Parodi, E. R. & Diaz, M. S. (2007a). Ecological studies and dynamic 
parameter estimation for eutrophication models. ECCE-6, 6th European Congress of 
Chemical Engineering, 16-20 September, Copenhagen. Prec. Technical Progarm Book, 
Resumen 1096, p. 59-60. 

Estrada, V., Parodi E. R. & Díaz, M. S. (2007b). A simultaneous dynamic optimization 
approach for parameter estimation in water quality models. AIChE Annual Meeting, 4-9 
Noviembre 2007, Salt Lake City, Utah, USA en CD. 

Estrada, V., Parodi, E. R. & Diaz, M. S. (2008a). A simultaneous dynamic optimization 
approach to address restoration policies in reservoirs. Mecánica Computacional, 27: 301-
308.

Estrada, V., Parodi, E. R. & Diaz, M. S. (2008b). Developing a lake eutrophication model 
and determining biogeochemical parameters: a large scale parameter estimation 
problem. Computer-Aided Chemical Engineering, 25: 1113-1118.   

Estrada V., Parodi, E. R. & Diaz, M. S. (2008c). A simultaneous dynamic optimization 
approach for addressing the control problem of algae growth in water reservoirs through 



Bibliografía citada 

212

biogeochemical models. Proceedings Foundations of Computers-Aided Process 
Operations (FOCAPO 2008), 169-172. 

Estrada, V., Parodi, E. R. & Diaz, M. S. (2009a). Addressing long-term bio-restoration in 
eutrophic lakes as an optimal control problem, under different scenarios. Computers 
Aided Chemical Engineering, 27: 1749-1754. 

Estrada, V., Parodi, E. R. & Díaz, M. S. (2009b). Addressing the control problem of algae 
growth in water reservoirs with advanced dynamic optimization approaches. Computers 
& Chemical Engineering, 33: 2063-2074.   

Estrada, V., Parodi, E. R. & Díaz, M. S. (2009c). Middle term optimal control problem in 
eutrophic lakes through advanced mathematical programming approaches. Computer 
Aided Chemical Engineering, 26: 1153-1158.   

Estrada, V., Parodi, E. R. & Diaz, M. S. (2009d). Determination of biogeochemical 
parameters in eutrophication models with simultaneous dynamic optimization 
approaches. Computers & Chemical Engineering, 33: 1760-1769.   

Estrada, V. y Diaz, M. S. (2010). Global sensitivity analysis in the development of first 
principle based eutrophication models. Environmental Modeling & Software, 25: 1539-
1551.

Estrada, V., Di Maggio, J. y Diaz, M. S. (2011). Water sustainability: A systems 
engineering approach to restoration of eutrophic lakes. Computers & Chemical 
Engineering, 35: 1598-1613.   

F

Fasham, M. J. R. (1993). Modelling the marine biota. In: Heimann, M. (Ed.), The Global 
Carbon Cycle. Springer-Verlag, Berlin, pp. 457–504. 

Fernandez, C. (2010). Caracterización limnológica de un ambiente eutrófico: el embalse 
Paso de las Piedras, Argentina: bioecología del fitoplancton. Tesis, Universidad Nacional 
del Sur, Bahía Blanca, Argentina. 

Ford, A. (1999). Modeling the Environment: An Introduction to Systems Dynamics 
Modeling of Environmental Systems. Island Press, Washington, D.C., USA.

Forsberg, C. (1987). Evaluation of lake restoration in Sweden. Scheiz. Z. Hydrol., 49: 260-
274.

Fragoso Jr., C.R., Motta Marques, D.M.L., Collischonn, W., Tucci, C.E.M. & van Nes, E.H. 
(2008). Modelling spatial heterogeneity of phytoplankton in Lake Mangueira, a large 
shallow subtropical lake in South Brazil. Ecological Modelling, 219: 125-137. 

G

Gale, P. M., Reddy, K. R. & Graetz, D. A. (1994). Wetlands and aquatic processes: 
phosphorus retention by wetland soils used for treated wastewater disposal. Journal of 
Environmental Quality, 23: 370-377. 

Gantzer, P. A., Bryant, L. D. & Little, J. C. (2009). Controlling soluble iron and manganese 
in a water supply reservoir using hypolimnetic oxygenation. Water Research, 43: 1285-
1294.



Bibliografía citada 

213

Geitler, L. (1932). Cyanophyceae. In: Rabenhorst, L. (Ed.). Rabenhorst’s Kryptogamen-
Flora, 14: 1-1196 . Akademische Verlagsgesellschft. Leipzig. 

Gliwicz, Z. M. (1985). Predation or food limitation: an ultimate reason for extinction of 
planktonic cladoceran species. Arch. Hydrobiol. Beih. Ergebn. Limnol., 21: 419–430. 

Grimm, V., Frank, K., Jeltsch, F., Brandl, R., Uchmanski, J. & Wissel, C. (1996). Pattern-
oriented modelling in population ecology. Science of the Total Environment, 183: 151–
166.

Grosman, F., Sanzano, P., Agüera & D., Gonzalez, G. (2001). Ecología reproductiva, 
edad, crecimiento, condición y alimentación del pejerrey (Odontesthes bonariensis) en 
un ambiente del SO de la provincia de Buenos aires, Argentina. Aquatic 12: 1-24. 

Grosman, F. & Sanzano, P. (2003). ¿El pejerrey puede causar cambios estructurales en 
un ecosistema? Biología Acuática, 20: 37-44. 

Gulati, R. D., Ooms-Wilms, A. L., Van Tongeren, O. F. R., Postema, G. & Siewertsen, K. 
(1992). The dynamics and role of limnetic zooplankton in Loosdrecht lakes (The 
Netherlands). Hydrobiologia, 233: 69–86. 

Gulati, R. D. & Van Donk, E. (2002). Lakes in the Netherlands, their origin, eutrophication 
and restoration: state of-the-art review. Hydrobiologia, 478: 73–106. 

Gupta, N., Pant S. C., Vijayaraghavan R. & Lakshmana, R. P. V. (2003). Comparative 
toxicity evaluation of cyanobacterial cyclic peptide toxin microcystins variants (LR, RR, 
YR) in mice. Toxicology, 188:285–296. 

Gurkan, Z., Zhang, J. & Jørgenssen, S. E. (2006). Development of a structurally dynamic 
model for forecasting the effects of restoration of Lake Fure, Denmark. Ecological 
Modelling, 197: 89-102. 

Guven, B. & Howard, A. (2007). Identifying the critical parameters of a cyanobacterial 
growth and movement model by using generalised sensitivity analysis. Ecological 
Modelling, 207: 11-21. 

H

Hairston, N. G., Smith, F. E. & Slobodkin, L. B. (1960). Community structure, population 
control, and competition. The American Naturalist, 94: 421–425. 

Håkanson, L. (2000). The role of characteristic coefficients of variation in uncertainty and 
sensitivity analyses, with examples related to the structuring of lake eutrophication 
models. Ecological Modelling, 131: 1-20. 

Håkanson, L., Boulion, V. & Ostapenia, P. (2003). The influence of biomanipulations (fish 
removal) on the structure of lake foodwebs, case studies using the LakeWeb-model 
Aquatic Ecology, 37: 87-99. 

Hamilton, D. P. & Schladow, S. G. (1997). Prediction of water quality in lakes and 
reservoirs. Part I- Model description. Ecological Modelling, 96: 91-110.   

Hangos, K. & Cameron, I. (2001). Process modelling and model analysis. Academic 
Press.

Hansen, A. M. & Santer, B. (1995). The influence of food resources on the development, 
survival and reproduction of the two cyclopoid copepods: Cyclops vicinus and 
Mesocyclops leuckarti. Journal of Plankton Research, 17: 631–646. 



Bibliografía citada 

214

Hansson, L. A., Annadotter, H., Bergman, E., Hamrin, S. F., Jeppesen, E. & Kairesalo, T. 
(1998). Biomanipulation as an application of Food-Chain Theory: Constraints, synthesis, 
and recommendations for temperate lakes. Ecosystems, 1: 558-574. 

Hardin, G. (1960). The competitive exclusion principle. Science, 131: 1292-1297. 

Hecky, R. E. & Kilham, P. (1988). Nutrient limitation of phytoplankton in freshwater and 
marine environments: A review of recent evidence on the effects of enrichment. 
Limnology & Oceanography, 33: 796-822. 

Hendzel, L. L., Hecky, R. E. & Findlay, D. L. (1994). Recent changes of nitrogen fixation in 
Canadian Precambrian Shield lakes. Can J Fish Aquat Sci, 51: 2247–2253. 

Hillebrand, H., Dürselen C. D., Kirschtel, D., Pollingher, U. and Zohary, T. (1999). 
Biovolume calculation for pelagic and benthic microalgae. Journal of Phycology, 35: 403-
424.

Hindák, F. (1977) Studies on the chlorococcal algas (Chlorophyceae) I. Biol. Prace, 23: 1-
190.

Hindák, F. (1984) Studies on the chlorococcal algae (Chlorophyceae) III. Biol. Prace, 30: 
1-308.

Hindák, F. (1988) Studies on the chlorococcal algae (Chlorophyceae) IV. Biol. Prace, 34: 
1-263.

Hindák, F. (1990) Studies on the chlorococcal algae (Chlorophyceae) V. Biol. Prace, 36: 
1-225.

Hipsey, M. R., Romero, J. R., Antenucci, J. P. & Hamilton, D. (2006). Computational 
Aquatic Ecosystem Dynamics Model: CAEDYM. Science Manual, Centre for Water 
Research University of Western Australia. 

Homma, T. & Saltelli, A. (1996). Importance measures in global sensitivity analysis of 
nonlinear models. Reliability Engineering & System Safety, 52: 1–17. 

Hongping, P. & Yong, W. (2003). Eutrophication research of West Lake, Hangzhou, 
China: modeling under uncertainty. Water Research, 37: 416-28. 

Hopp, U., Maier, G. & Bleher, R. (1997). Reproduction and adult longevity of five species 
of planktonic cyclopoid copepods reared on different diets: a comparative study. 
Freshwater Biology, 38: 289–300. 

Hopp, U & Maier, G. (2005). Implication of the feeding limb morphology for herbivorous 
feeding in some freshwater cyclopoid copepods. Freshwater Biology, 50: 742-747. 

Hostrup, M., Harper, P. M. & Gani, R. (1999). Design of environmentally benign 
processes: Integration of solvent design and separation process synthesis. Computers & 
Chemical Engineering, 23: 1395–1414. 

Hu, W., Jørgensen, S. E. & Zhang, F. (2006). A vertical-compressed three-dimensional 
ecological model in Lake Taihu, China. Ecological Modelling, 190: 367-398. 

Huber–Pestalozzi, G. (1961). Das phytoplankton des Süsswassers: Systematik und 
Biologic: Chlorophyceae (Grünalgen) Ordnung: Volvocales. Stuttgart, E. 
Schweizerbart’sche Verlagsbuchhandlung, 16, 744p, Tafel I-CL VIII. 

Hurlbert, S. H. & Mulla, M. S. (1981). Impacts of mosquitofish (Gambusia affinis) predation 
on plankton communities. Hydrobiologia, 83: 125–151. 

Hutchinson, G. E. (1961). The paradox of the plankton. The American Naturalist, 95: 137-
145.

Hutchinson, G. E. (1967). A treatrice on limnology. Vol III. Introduction to lake biology and 
the limnoplankton. J. Wiley and Sons Inc. New York.    



Bibliografía citada 

215

Hutchinson, G. E. (1973). Eutrophication. American Scientist, 61: 269–279.  

Huppert, A., Olinky, R. & Stone, L. (2004). Bottom–up excitable models of phytoplankton 
blooms. Bulletin of Mathematical Biology, 66: 865-878. 

I

Intartaglia, C. & Sala, S. E. (1989). Variación estacional del fitoplancton en un lago no 
estratificado: Embalse Paso de las Piedras, Argentina. Revista Brasilera de Biología, 49: 
873-882.

J

Jagtman, E., Van der Molen, D.T. & Vermij, S. (1992). The influence of flushing on nutrient 
dynamics, composition and densities of algae and transparency in Veluwemeer, the 
Netherlands. Hydrobiologia, 233: 187–196. 

Jeppesen, E., Søndergaard, M., Mortensen, E., Kristensen, P., Riemann, B., Jensen, H. J. 
(1990). Fish manipulation as a lake restoration tool in shallow, eutrophic temperates 
lakes 1: Cross-analysis of three Danish case-studies. Hydrobiologia, 200–201: 205–218. 

Jeppesen, E., Søndergaard, M., Mazzeo, N., Meerhoff, M., Branco, C., Huszar, V. & 
Scasso, F. (2005). Lake restoration and biomanipulation in temperate lakes: relevance 
for subtropical and tropical lakes. Capítulo 11 en: (Ed. M.V. Reddy), Tropical eutrophic 
lakes: their restoration and management: 331-359.  

Jeppesen, E., Søndergaard, M., Jensen, J. P., Havens, K. E., Anneville, O. & Carvalho, L. 
(2007). Lake responses to reduced nutrient loading: an analysis of contemporary long-
term data from 35 case studies. Freshwater Biology, 50: 1747–1771. 

Jiang, Z. & Xinyuan, Z. (1998). Treatment and utilization of wastewater in the Beijing Zoo 
by an aquatic macrophyte system. Ecological Engineering, 11: 101-110.  

Jin, X. C. & Hu, X. Z. (2003). A comprehensive plan for treating the major polluted regions 
of aihu Lake, China. Lakes Reservoirs: Res. Manag., 8: 217–230. 

Jones, A., Rast, W. & Lee, F. (1979). Relationship between summer mean and maximum 
chlorophyle a concentration in lakes. Environmental Science & Technology, 13: 869-870.  

Jørgensen, S.E. (1994). Fundamental of Ecological Modelling. Elsevier, Amsterdam. 

Jørgensen, S. E. (1999). State-of-the-art of ecological modelling with emphasis on 
development of structural dynamic models. Ecological Modelling, 120, 75-96. 

Jørgensen, S. E. (2001). Parameter estimation and calibration by use of exergy. 
Ecological Modelling, 146: 299–302. 

Jørgensen, S. E. (2010). A review of recent developments in lake modelling. Ecological 
Modelling, 221: 689-692.

Jørgensen, S. E., Jørgensen, L. A., Kamp-Nielsen, L. & Mejer, H. F. (1981). Parameter 
estimation in eutrophication modelling. Ecological Modelling, 13: 111-129. 

Jørgensen, S. E., Ray, S., Berec, L. & Straskraba, M. (2002). Improved calibration of a 
eutrophication model by use of the size variation due to succession. Ecological 
Modelling, 153: 269-277.



Bibliografía citada 

216

K

Kameswaran, S., & Biegler, L. T. (2006). Simultaneous dynamic optimization strategies: 
Recent advances and challenges. Computers and Chemical Engineering, 30, 1560–
1575.

Kato, T., Watanabe, M. F. & Watanabe, M. (1991). Allozyme divergence in microcystis 
(Cyanophyceae) and its taxonomic inference. Algological Studies, 64: 129-140.   

Koda, M., McRae, G.J. & Seinfeld, J.H. (1979a). Automatic sensitivity analysis of kinetic 
mechanisms. International Journal of Chemical Kinetics, 11: 427–444. 

Koda, M., Dogru, A. H. & Seinfeld, J. H. (1979b). Sensitivity analysis of partial differential 
equations with application to reaction and diffusion processes. Journal of Computational 
Physics, 30: 259–282. 

Koda, M. & Seinfeld, J.H. (1982). Sensitivity analysis of distributed parameter systems. 
IEEE Transactions on Automatic Control, 27: 951–955. 

Komárek, J. & Agnostidis, K. (1986). Modern approach to the classification system of 
Cyanophytes. 2- Chroococcales. Arch. Hydrobiol. Suppl. 73. Algol. Stud. 43, 157-226. 

Komárek, J. & Agnostidis, K. (1989) Modern approach to the classification system of 
Cyanophytes. 4- Nostocales. Arch. Hydrobiol. Suppl. 82(1). Algol. Stud. 56, 247-345. 

Komárek, J. & Agnostidis, K.  (1999). Sübwasserflora von Mitteleuropa Band 19/1. 
Cyanoprokaryota. 1. Teil: Chroococcales. H. Ettl, G. Gärtner, H. Heynig & D. 
Mollenhauer eds. Berlin. 

Komárek, J. & Fott, B. (1983). Das Phytoplankton des Süsswasser Systematik und 
Biologie. Chlorophyceae (Grünalgen) Ordnung: Chlorococcales. Von Huber – Pestalozzi. 
E. Schweizerbart’sche Verlagsbuchhandlung (Nägele u Obermiller) Sttugart. Germany. 
1044 pp. 

Komatsu, E., Fukushina, T. & Harasawa, H. (2007). A modeling approach to forecast the 
effect of long-term climate change on lake water quality. Ecological Modelling, 209: 351-
366.

Krivtsov, V., Goldspink, C., Sigee, D. C. & Bellionger, E. G. (2001). Expansion of the 
model ‘Rostherne’ for fish and zooplankton: Role of top-down effects in modifying the 
prevailing pattern of ecosystem functioning. Ecological Modelling: 138, 153–171. 

L

Liboriussen L., Søndergaard M. & Jeppesen  E. (2007). Lake restoration in Denmark. Part 
II. In Danish. National Environmental Research Institute. Aarhus University. p. 303. 

Liepmann, D. & Stephanopoulos, G. (1985). A dynamic model of a closed ecosystem: 
development and global sensitivity analysis. Ecological Modelling, 30: 13–30. 

Lindenschmidt, K. E. (2006). The effect of complexity on parameter sensitivity and model 
uncertainty in river water quality modelling. Ecological Modelling, 190: 72–86. 

López, N., Alioto, R., Schefer, J. C., Belleggia, F. Siniscalchi, A. & Parodi, E. R. (2007). 
Diseño de un humedal artificial para remoción de nutrientes de un afluente al Embalse 
Paso de las Piedras (Argentina). AIDIS, Uruguay, 10–15.  



Bibliografía citada 

217

Lotka, A. J. (1925). Elements of physical biology. Baltimore: Williams & Wilkins. 

M

Makler-Pick, V., Gorfine, M., Hipsey, M. & Carmel, Y. (2011). Sensitivity analysis for 
complex ecological models - A new approach. Environmental Modelling and Software, 
26: 124-134. 

Malmaceus, J. M. & Håkason, L. (2004). Development of a lake eutrophication model. 
Ecological Modelling, 171: 35-63. 

Manache, G. & Melching, C. S. (2008). Identification of reliable regression- and 
correlation-based sensitivity measures for importance ranking of water-quality model 
parameters. Environmental Modelling & Software, 23: 549-562. 

Marchena, J. A. (2002). Indicadores bióticos y abióticos del deterioro del recurso hídrico 
en la cuenca alta del río Sauce Grande, provincia de Buenos Aires, y su dinámica 
temporal y espacial. Tesis Universidad Nacional del Sur, Bahía Blanca, Argentina.  

Margalef, R. (1983). Limnología. Omega, Barcelona. 1010 pp. 

Margalef, R. (1958). Temporal succession and spatial heterogeneity in phytoplankton. In: 
Buzzti-Traverso, A. A. (ed.) Perspectives in marine biology. University of California 
Press, Berkeley, p. 323-349.

Marsden, S. (1989). Lake restoration by reducing external phosphorus loading: the 
influence of sediment phosphorus release. Freshwater Biology, 21: 139-162. 

McRae, G. J., Tilden, J. W. & Seinfeld, J. H. (1982). Global sensitivity analysis—a 
computational implementation of the Fourier Amplitude Sensitivity Test (FAST). 
Computers & Chemical Engineering, 6: 15-25. 

Meeuwig, J. J. & Peters, R.H. (1996). Circumventing phosphorus in lake management: A 
comparison of chlorophyll a predictions from land-useand phosphorus-loading models. 
Canadian Journal of Fisheries and Aquatic Science, 53: 1795-1806. 

Meijer, M. L., de Boois, I., Scheffer, M., Portielje, R. & Hosper, H. (1999). Biomanipulation 
in shalow lakes in The netherlands: an evaluation of 18 case studies. Hydrobiologia, 
408/409: 13-30. 

Mieleitner, J. & Reichert, P. (2006). Analysis of the transferability of a biogeochemical lake 
model to lakes of different trophic state. Ecological Modelling, 194: 49-61. 

Mieleitner, J. & Reichert, P. (2008). Modelling functional groups of phytoplankton in three 
lakes of different trophic state. Ecological Modelling, 211: 279-291. 

Morris, M. D. (1991). Factorial sampling plans for preliminary computational experiments. 
Technometrics, 33: 161-174. 

Moss, B. (1990). Engineering and biological approaches to the restoration from 
eutrophication of shallow lakes in which aquatic plant communities are important 
components. Hydrobiologia 200/201: 367-377. 

Moss, B. (2001). Ecology of freshwaters. Man and medium, past to future. 3ra. ed. 
Blackwell, Londres.  

Müeller, D.K. (1982). Mass balance model for estimation of phosphorus concentrations in 
reservoirs. Water Reserch Bulletin, 18: 377-382. 

Müeller, D. K. & Helsel, D. R. (1996). Nutrients in the nation’s waters—too much of a good 
thing? US Geol. Survey Circular 1136. 



Bibliografía citada 

218

N

Nguyen, T. G. & Kok, J. L. (2007). Systematic testing of an integrated systems model for 
coastal zone management using sensitivity and uncertainty analyses. Environmental 
Modelling & Software, 22: 1572-1587. 

Norton, J. P. (2008). Algebraic sensitivity analysis of environmental models. 
Environmental Modelling & Software, 23: 963-972. 

Novotny, V. & Olem, H. (1994). Water quality, prevention, identification, and management 
of diffuse pollution. Van Nostrand Reinhold, New York. 

Nowlin, W. H., Evarts, J. L. & Vanni, M. J. (2005). Release rates and potential fates of 
nitrogen and phosphorus from sediments in a eutrophic reservoir. Freshwater Biology, 
50: 301–322. 

O

Omermik, J. M. (1976). The influence of land use on stream nutrient levels. US Environ. 
Protection Agency Report EPA-600/3-76-014, Corvallis, Oregon, USA. 

Omlin, M., Brun, R. & Reitchert, P. (2001a). Biogeochemical model of Lake Zürich: model 
equations and results. Ecological Modelling, 141: 77-103. 

Omlin, M., Reitchert, P. & Forster, R. (2001b). Biogeochemical model of Lake Zürich: 
sensitivity, identifiability and uncertainty analysis. Ecological Modelling, 141: 105-123.    

Oreskes, N., Shrader-Frechette, K. & Belitz, K. (1994). Verification, validation, and 
confirmation of numerical models in the earth sciences. Science, 263: 641-646. 

Orioli, G., Vázquez, R., Aroztegui, P., Paoloni, D. & Sequeira, M. (2004). Estudio Cuenca 
Sauce Grande. Escurrimiento laminar. Transporte de agroquímicos y nutrientes. In: 
Informe final Universidad nacional del Sur-ADA-ABSA-ORAB. Xxpp. 

Orioli, G., Sabbatini, M. Marchena, J. & Vázquez, R. (2008). The impact of agricultural 
land use on stream chemistry and inputs to an inland reservoir: case of the Sauce 
Grande River, Argentina. Journal–des Sciences Hydrologiques, 53 (4): 834-843.   

Osidele, O.O. & Beck, M. B. (2004). Food web modeling for investigating ecosystem 
behaviour in large reservoirs of the south-eastern United States: lessons from lake 
Lanier, Georgia. Ecological Modelling, 173: 129-158.  

P

Paerl, H. W., Fulton, R. S. Moisander, P. H. & Dyble, J. (2001) Harmful freshwater algal 
blooms, with an emphasis on cyanobacterial. Sci. World, 1, 76-113. 

Palmer, C. (1997). Algae and water pollution. USEPA. Cincinatti. p1-123. 

Pastres, R., Chart, K., Solidoro & C., Dejak, C. (1999). Global sensitivity analysis of a 
shallow-water 3D eutrophication model. Computer Physics Communications, 117: 62-74. 



Bibliografía citada 

219

Pastres, R., Ciavatta, S., Cossarini, G. & Solidoro, C. (2003). Sensitivity analysis as a tool 
for the implementation of a water quality regulation based on the Maximum Permissible 
Loads policy. Reliability Engineering and System Safety, 79: 239-244. 

Pastres, R. & Ciavatta, S. (2005). A comparison between the uncertainties in model 
parameters and in forcing functions: its application to a 3D water-quality model. 
Environmental Modelling & Software, 20: 981–989. 

Polprasert, C. (1996). Organic waste recycling. Technology and management. Ed. Wiley & 
Sons, Inglaterra. 412 pp.  

Priyantha, N. D. G., Asaeda, T., Saitoh, S., & Gotoh, K. (1997). Modelling effects of 
curtain method on algal blooming in reservoirs. Ecological Modelling, 98: 89–104. 

Process Systems Enterprise (2009), gPROMS, www.psenterprise.com/gproms, 1997-
2009.

Prokopkin, I. G., Gubanov, V. G. & Gladishev, V. G. (2006). Modelling the effect of 
planktivorous fish removal in a reservoir on the biomass of Cyanobacteria. Ecological 
Modelling, 190: 419–431. 

Prosperi, C. (2000). Uso de algas como indicadores de contaminación acuática. Revista 
Agua: tecnología y tratamiento, saneamiento ambiental, 25: 61-63. 

Powell, N., Shilton, A. N., Pratt, S. & Chisti, Y. (2008). Factors influencing luxury uptake of 
phosphorus by microalgae in waste stabilization ponds. Environmental Science & 
Technology, 42: 5958–5962. 

Q

Quirós, R. (1995). The effects of fish assemblage composition on lake water quality. Lake 
Reservoir Management, 11: 291–298. 

Quirós, R. (1998). Fish effects on pelagic - trophic relationships in a comparative lake 
study. Hydrobiologia, 361: 101-111. 

Quirós, R. (1999). The relationship between fish yield and stocking density in reservoirs 
from tropical to temperate regions (p: 67-84). In J.G. Tundisi and M. Straskraba (eds.) 
Theoretical Reservoir Ecology and Its Applications. International Institute of Ecology, 
Brazilian Academy of Sciences, Backhuys Publishers, Leiden, The Netherlands. 585pp. 

Quirós, R. (2004). Cianobacterias en lagos y embalses de Argentina: década del 80. Serie 
de Documentos del Área de Sistemas de Producción Acuática, Departamento de 
Producción Animal, Facultad de Agronomía, Universidad de Buenos Aires, 2: 1-23.   

Quirós, R., Rosso, J. J., Renella, A., Sosnowsky, A. & Boveri, M. (2002). Análisis Del 
esatdo trófico de las lagunas pampeanas (Argentina). Interciencia, 27: 584-591. 

R

Raghunathan, A., Diaz, M. S. & Biegler, L. T. (2004). An MPEC formulation for dynamic 
optimization of distillation operations. Computers and Chemical Engineering, 28: 2037-
2052.

Rajar, R. & Cetina, M. (1997). Hydrodynamic and water quality modelling: an experience. 
Ecological Modelling, 101: 195–207. 



Bibliografía citada 

220

Rao, P. V. L., Bhattacharya, R., Pant, S. C. & Bhaskar, A. S. B. (1995). Toxicity evaluation 
of in vitro cultures of freshwater cyanobacterium Microcystis aeruginosa: 1 Hepatic and 
histopathological effects in rats. Biomedical & Environmental Sciences, 8: 254-264. 

Redfield, A. C. (1958). The biological control of chemical factors in the environment. 
American Scientist, 46:205–221. 

Reichert, P. (1994). AQUASIM—A tool for simulation and data analysis of aquatic 
systems. Water Science and Technology, 30: 21–30. 

Reichert, P. (1998). AQUASIM 2.0—User manual. Technical report. Swiss Federal 
Institute for Environmental Science and Technology (EAWAG), Dubendorf, Switzerland. 

Recknagel, F., Hosomi, M., Fukushima, T. & Kong, D. S. (1995). Short and long-term 
control of external and internal phosphorus loads in lakes-a scenario analysis. Water 
Research, 29: 1767–1779. 

Reynolds, C. S. (1971). The ecology of the planktonic blue-green algae in the north 
Shropshire Meres, England. – Field Studies, 3: 409-432. 

Reynolds, C.S. (1984). The Ecology of Freshwater Phytoplankton. Cambridge University 
Press, Cambridge, UK. 

Reynolds, C.S., Huszar, V., Kruk C., Naselli-Flores, L. & Melo, S. (2002). Towards a 
functional classification of the freshwater phytoplankton. Journal of Plankton Research. 
24, 417–428. 

Reynolds, C. S. (2006). The ecology of phytoplankton. Cambridge University Press, 
Cambridge, 535 pp.  

Ringuelet, A. R., Aramburu, R. H. & De Aramburu, A. A. (1967). Los peces argentinos de 
agua dulce. Comisión de Investigación Científica (Gobernación) Provincia de Buenos 
Aires. La Plata, Dirección de Impresiones del Estado y Boletin Oficial, 600 p.  

Rivas Hernández, A., Pozo, R. F., Mantilla Morales, G., López Ramirez, E., Brena 
Zepeda, J. E., Sanchez Castañeda, L. F., Sotelo Romero, N. D. & Muñoz Peñaloza, K. 
(2005). Uso de humedales, alternativa ecológica y sustentable para la recuperación del 
lago de Pátzcuaro, México. CONAGUA. Resúmenes p. 134. 2005. 

Robarts R. D. & Zohary, T. (1987). Temperature effects on photosynthetic capasity, 
respiration, and growth rates of bloom-forming cyanobacteria. NZJ Marine & Freshwater 
Research, 21: 391-399. 

Rode, M., Suhr, U. & Wriedt, G. (2007). Multi-objective calibration of a river water quality 
model – Information content of calibration data. Ecological Modelling, 204: 129–142. 

Rodriguez, M. & Diaz, M. S. (2007). Dynamic modelling and optimisation of cryogenic 
systems. Applied Thermal Engineering, 27: 1182–1190.  

Romero, J. R., Antenucci, J. P. & Imberger, J. (2004). One- and three-dimensional 
biogeochemical simulations of two differing reservoirs. Ecological modeling, 174: 142-
160.

Ruibal, A. L., Guerrero, J. M. & Regueira, J. M. (2005). Levels of microcystins in two 
argentinean reservoirs used for water supply and recreation: Differences in the 
implementation of safe levels. Environmental toxicology, 20 (3): 263-269. 

Rukhovets, L. A., Atrakhantsev, G. P., Menshutkin, V. V., Minina, N. A., Petrova, N. A. & 
Poloskov, V. N. (2003). Development of lake Ladoga ecosystem models: modeling of the 
phytoplankton succession in the eutrophication process. I. Ecological Modelling, 165: 49-
77.

Ryding, S. O. & Rast, W. (1992). El control de la Eutrofización en lagos y pantanos. Ed. 
Pirámide, Madrid. 



Bibliografía citada 

221

Rykiel Jr., E. J. (1996). Testing ecological models: the meaning of validation. Ecological 
Modelling, 90: 229-244. 

S

Sagehashi, M., Sakoda, A. & Suzuki, M. (2000). A predictive model of long-term stability 
after biomanipulation of shallow lakes. Water Research, 34: 4014– 4028. 

Sagehashi, M., Sakoda, A. & Suzuki, M. (2001). A mathematical model of a shallow and 
eutrophic lake (The Keszthel Basin. Lake Balaton) and simulation of restorative 
manipulations. Water Research, 35: 1675–1686. 

Sala S. E. (1996a). Flora diatomológica del Embalse Paso de las Piedras (Prov. De 
Buenos Aires. Argentina) II: Fam. Naviculaceae (Pennales). Bol. Soc. Argent. Bot., 32: 
95-121.

Sala S. E. (1996b). Flora diatomológica del Embalse Paso de las Piedras (Argentina) III. 
Familias Epithemiaceae, Bacillariaceae y Surirellaceae (O. Pennales). Cryptogamie, 
Algol.,17: 95-122. 

Sala S. E. (1997). Flora diatomológica del Embalse Paso de las Piedras, Provincia de Bs. 
As. IV: Orden Centrales. Gayana Bot., 54: 1-14. 

Saloranta, T.M. & Andersen, T. (2007). MyLake e a multi-year lake simulation model code 
suitable for uncertainty and sensitivity analysis simulations. Ecological Modelling, 207: 
45-60.

Saltelli, A. & Sobol´, I.M. (1995). About the use of rank transformation in sensitivity 
analysis of model output. Reliability Engineering and System Safety, 50: 225-239. 

Saltelli, A., Tarantola, S. & Chan, K. (1999). Quantitative model-independent method for 
global sensitivity analysis of model output. Technometrics, 41: 39–56. 

Saltelli, A. & Tarantola, S. (2002). On the relative importance of input factors in 
mathematical models: safety assessment for nuclear waste disposal. Journal of the 
American Statistical Association. 97: 702–709. 

Saltelli, A., Tarantola, S., Campolongo, F. & Ratto, M. (2004). Sensitivity Analysis in 
Practice. A Guide to Assessing Scientific Models. In: Probability and Statistics Series. 
John Wiley & Sons Publishers. 

San Román, F. M., Bringas, E., Ortiz, I. & Grossmann, I. E. (2007). Optimal synthesis of 
an emulsion pertraction process for the removal of pollutant anions in industrial 
wastewater systems. Computers & Chemical Engineering, 31: 456–465. 

Sargent, R.G. (1984). A tutorial on verification and validation of simulation models. In: S. 
Sheppard, U. Pooch and D. Pegden (Editors), Proceedings of the 1984 Winter 
Simulation Conference. IEEE 84CH2098-2, pp. 115-122. 

Sas, H. (1989). Lake restoration by reduction of nutrient loading: Expectation, 
experiences, extrapolations,. Academia-Verlag, Richarz Publikations, Sankt Augustin. 

Scavia, D. (1980). An ecological model of lake Ontario. Ecological Modelling, 8: 49–78. 

Schefer, J. C., 2004. Los recursos hídricos y el abastecimiento de agua. Región de Bahía 
Blanca. Publicaciones del CEPADE, Argentina, pp 132. 

Scheffer, M., Hosper, S. H., Meijer, M.-L., Moss, B. & Jeppesen, E. (1993). Alternative 
equilibria in shallow lakes. Trends in Ecology & Evolution, 8: 275-279. 



Bibliografía citada 

222

Scheffer, M., Rinaldi, S., Huisman, J. & Weissing, F.J. (2003). Why plankton communities 
have no equilibrium: solutions to the paradox. Hydrobiologia: 491, 9-18. 

Schindler, D. W., Hecky, R. E., Findlay, D. L., Stainton, M. P., Parker, B. R., Paterson, M. 
J. Beaty, K. G., Lyng, M. & Kasian, S. E. M. (2008). Eutrophication of lakes cannot be 
controlled by reducing nitrogen input: Results of a 37-year whole-ecosystem experiment. 
PNAS, 105: 11254-11258. 

Schladow, S. G. & Hamilton, D. P. (1997). Prediction of water quality in lakes and 
reservoirs. Part 2. Model calibration, sensitivity analysis and application. Ecological 
Modelling, 96: 111-123. 

Selman, M. & Greenhalgh, S. (2009) Eutrophication: Sources and Drivers of Nutrient 
Pollution. WRI Policy Note, 2: 1–8. 

Shapiro, J. (1978). The need for more biology in lake restoration. In Lake restoration, 
EPA-440/5-79-001, pp. 161–167. 

Shapiro J. (1990). Current beliefs regarding dominance by blue-greens: The case for the 
importance of CO2 and pH. Verh Int. Verein Limnol., 24: 38-54. 

Shapiro, J., La Marra, V., & Lynch, M. (1975). Biomanipulation: Ecosystem approach to 
lake restoration. En: P. L. Brezonik, & J. L. Fox (Eds.), Water quality management 
through biological control (pp. 85–96). Gainesville, FL: Department of Environmental 
Engineering Science, Univ. Florida. 

Shapiro, J. & Wright, D. I. (1984). Lake restoration by biomanipulation: Round Lake, 
Minnesota, the first two years. Freshwater Biology, 14: 371–383. 

Shen, J. (2006). Optimal estimation of parameters for a estuarine eutrophication model. 
Ecological Modelling, 191: 521–537. 

Shen, J. & Kuo, A. Y. (1996). Inverse estimation of parameters for an estuarine 
eutrophication model. Journal of Environmental Engineering, 122: 1031–1040. 

Shen, J. & Kuo, A. Y. (1998). Application of inverse model to calibrate estuarine 
eutrophication model. Journal of Environmental Engineering, 124. 409–418. 

Skulberg, O. M., Carmichael, W.W., Anderson, R. A., Matsunaga, S., Moore, R. E. & 
Skulberg, R. (1992). Investigation of a neurotoxin Oscillatorialean strain (Cyanophyceae) 
and its toxin. Isolation and characterization of homoanatoxin-a. Environmental Toxicology 
& Chemestry, 11: 321-329.

Skulberg, O. M., Carmichael, W. W., Codd, G. A. & Skulberg, R. (1993). Taxonomy of 
toxic Cyanphyceae (Cyanobacteria). Algal Toxins in Seafood and Drinking Water. 
Chapter 9. Academic Press. 145-164.  

Smayda, T. J. (1978). From phytoplankters to biomass. In: Sournia, A. (Ed.). 
Phytoplankton Manual. Paris: Oxford UNESCO, pp. 273-280. 

Smith, R. (1980). Ecology and Field Biology. Harper & Row. New York 1-835. 

Sobol', I. M. (1990). Sensitivity estimates for nonlinear mathematical models. 
Matematicheskoe Modelirovanie, 2: 112-118 in Russian, translated in English in Sobol' 
(1993). Mathematical Modelling and Computational Experiment, 1: 407-414. 

Sobol´, I. M. (2001). Global sensitivity indices for nonlinear mathematical models and their 
Monte Carlo estimates. Mathematics and Computers in Simulation, 55: 271–280. 

Sobol´, I.M., Levitan, Y.L. (1999). On the use of variance reducing multipliers in Monte 
Carlo computations of a global sensitivity index. Computer Physics Communications, 
117: 52-61.



Bibliografía citada 

223

Sommer, U., Gliwicz, Z. M., Lampert, W. & Duncan, A. (1986). PEG-model of seasonal 
succession of planktonic events in fresh waters. Archives of Hydrobiology, 106 (4): 433-
471.

Søndergaard, M., Jensen, J. P. & Jeppesen, E. (2003). Role of sediment and internal 
loading of phosphorus in shallow lakes. Hydrobiologia, 506: 135–145. 

Søndergaard, M. & Jeppesen, E. (2007). Anthropogenic impacts on lake and stream 
ecosystems, and approaches to restoration. Journal of Applied Ecology, 44: 1089–1094. 

Søndergaard, M., Jeppesen, E., Lauridsen, T. L., Skov, C., van Nes, E. H. & Roijackers, 
R. (2007). Lake restoration: Successes, failures and long-term effects. Journal of Applied 
Ecology, 44: 1095–1105. 

Sosnovsky, A. & Quirós, R. (2009). Effects of fish biomanipulation on the plankton 
community in smmal hypertrophic lakes freom the Pampa plain (Argentina). Limnologica, 
39: 219-229.

Steele, J.H. (1962). Environmental control of photosynthesis in the sea. Limnology & 
Oceanography, 7: 137-150. 

Steimberg C. E. W. & Hartmann, H. M. (1998). Planktonic bloom forming cyanobacteria 
and the eutrophycation of lakes and rivers. Freshwater Biology, 20: 279- 287.  

Streeter, H. W. & Phelps, E. B. (1925). A study of the pollution and natural purification of 
the Ohio river. Vol III, Public Health Bulletin, Nº 146, U.S. Public Health Service. 

T

Thamatrakoln, K. & Hildebrand, M. (2008). Silicon uptake in diatoms revisited: a model 
 for saturable and nonsaturable uptake kinetics and the role of silicon transporters. 
Plant Physiology, 146: 1397-1407.

Thiennemann, A. (1918). Untersuchugen über die Beziehungen zwischen dem 
Saverstoffgehalt des wassers und der Zusammensetzung der Fauna in norddeutschen 
sun. Archiv. Für Hydrobiologie, 12: 1-65. 

U

United Nations Environment Program (UNEP). (1994). Our Planet. Vol. 6, No. 5. Nairobi.   

United Nations Environment Program (UNEP)/GRID-Arendal. (2002). Vital Water 
Graphics. An overview of the State of the World’s Fresh and Marine Waters. United 
Nations Environment Programme, Nairobi http://www.unep.org/vitalwater/.  

United Nations Environment Program (UNEP) & Woods Hole Research Center (WHRC). 
(2007). “Reactive Nitrogen in the Environment: Too much or too little of a good thing.” 
Paris: UNEP. 

United Nations Environment Program (UNEP), Bringezu, S., H. Schutz, M. O´Brien, L. 
Kauppi, R. Howarth & McNeely, J. (2009). Assessing biofuels. Full report.  

Utermöhl, H. (1958). Zur Vervollkommmung der quantitative Phytoplankton-Methodik. 
Mitt.int. Verein. theor. angew. Limnol., 5: 567-596.  



Bibliografía citada 

224

V

Van der Does, J., Verstraelen, P., Boers, P., Roijackers, R. & Moser, G. (1992). Lake 
restoration with and without dredging of phosphorus/enriched upper sediment layers. 
Hydrobiologia, 233: 197–210. 

Van Donk, E., Grimm, M. P., Gulati, R. D., Heuts, P. G. M., De Kloet, W. A. & Van Liere, 
L. (1990). 1st attempt to apply whole-lake food-web manipulation on a large-scale in the 
Netherlands. Hydrobiologia, 200/201: 291–301. 

Volterra, V. (1926). Variazioni e fluttuazioni del numero d'individui in specie animali 
conviventi. Mem. R. Accad. Naz. dei Lincei. Ser. VI, vol. 2. 

Vollenweider, R.A. (1975). Input–output models with special reference to the phosphorus 
loading concept in limnology. Schweiz. Z. Hydrol. 37, 53–84. 

W

Waechter, A. & Biegler, L. T. (2000). Failure of global convergence for a class of interior 
point methods for nonlinear programming.  Mathematical Programming, 88: 565-574. 

Wagner, K. J. (2004). The Practical Guide to Lake Management in Massachusetts. 
Commonwealth of Massachusetts, Executive Office of Environmental Affairs, Boston, 
MA. 

Wang, W., Gorsuch, J.W. & Hughes, J.S. (1997). Plants for environmental studies. 1st 
Edn., CRC Press, New York, USA. pp 563. 

Wetzel, R.G. (1983). Limnology. Second Edition. Saunders College Publishing. 860 pp. 

Wetzel, R.G. (2001). Limnology: Lake and River Ecosystems. 3ra. ed. Academic Press, 
New York, USA.  

Whigham, P. A. & Recknagel, F. (2001). Predicting chlorophyll-a in freshwater lakes by 
hybridizing process-based models and genetic algorithms. Ecological Modelling, 146: 
243–251.

WWAP (2006). The State of the Resource, World Water Development Report 2, Chapter 
4. World Water Assessment Programme, United Nations Educational, Scientific and 
Cultural Organization, Paris http://www.unesco.org/water/wwap/wwdr2/pdf/ 
wwdr2_ch_4.pdf.

X

Xie, L, Xie, P., Li, S., Tang, H. & Liu, H. (2003). The low TN:TP ratio, a cause or a result of 
Mycrocystis blooms?. Water Research, 37: 2073-2080. 



Bibliografía citada 

225

Y

Yu, S. Z. (1995). Primary prevention of hepatocellular carcinoma. J. Gastroenterol. 
Hepatol., 10: 674-682. 

Z

Zabala, V. & Biegler, L. T. (2006). Large-scale parameter estimation in low-density 
polyethylene tubular reactors. Industrial Engineering and Chemical Research, 45: 7867–
7881.

Zhang, J., Jørgensen, S. E. & Mahler, H. (2004). Examination of structurally dynamic 
eutrophication model. Ecological Modelling, 173: 313-333. 

Zhao, J., Ramin, M., Cheng, V. & Arhonditsis, G. B. (2008). Competition patterns among 
phytoplankton groups: How useful are the complex mathematical models. Acta 
Oecologica, 33: 324-344. 

Zhao, J., Maryam, R., Cheng, V., George, B. & Arhonditsis, G. B. (2008). Plankton 
community patterns across a trophic gradient: The role of zooplankton functional groups. 
Ecological Modelling, 213: 417–436. 


