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ABSTRACT 

 
Water Framework Directive is an important tool in the management of European 

surface waters, namely for heavily modified water bodies that remain poorly assessed. 

The objective of this study was to establish a fish based methodology to assess the 

ecological potential of Spanish reservoirs. Specifically an abiotic typology was 

developed and metrics commonly used in indices of biotic integrity worldwide were 

evaluated for application in different fish-ecoregions.  

A total of 120 reservoirs in the Guadiana, Júcar, Douro and Northern basins were 

characterized using 9 hidromorphological variables. Main descriptors of reservoir 

variability were identified using Principal Component Analysis, and Ward´s clustering 

helped in the construction of an abiotic typology scheme, that proved to be more 

effective than traditional System A applications. Overall, 14 reservoir types were 

established based in catchment area, altitude, volume and geology. 

Fish in 88 reservoirs in the Jucar, Douro and Northern basins were assigned into 

functional guilds and 100 metrics were tested for range, responsiveness, redundancy and 

precision. River basins were considered as distinct eco-regions based on Ward 

clustering of low-impacted sites and Kruskal-Wallis tests. Water quality and human 

impacts in each reservoir were approached using 4 environmental variables. Overall, 13 

candidate metrics were responsive to turbidity and integrated chlorophyll a. However, 

there was considerable variation among basins in the set of selected metrics, with only 

density of phytophilic and tolerant species being common to all regions. Moreover, 

metrics showed no significant variation between low-impacted and impacted reservoirs.  

Despite being preliminary, current results highlight the complexity of reservoir 

dynamics, and suggest that progress in ecological assessment of heavily modified water 

bodies will dependent on the development of new typology schemes and fish metrics 

specifically targeted at these systems. 

 

KEYWORDS: Water Framework Directive, reservoirs, typology, fish metrics, Spain. 
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RESUMO 

 
Nas ultimas décadas, as massas de água têm sofrido uma pressão crescente devido ao 

contínuo aumento da sua procura e utilização para diversos fins, consequentemente, 

tem-se verificado um declínio na diversidade e qualidade aquática. A Directiva Quadro 

da Água (DQA), constitui uma ferramenta legislativa à escala europeia com uma nova 

abordagem para a gestão e conservação das massas de água. A DQA descreve vários 

procedimentos para avaliação do estado ecológico das massas de água, nomeadamente, 

a classificação em tipos e o uso de indicadores biológicos para a avaliação do estado dos 

ecossistemas. No caso de massas de água fortemente modificadas como as albufeiras de 

barragens, a metodologia e os parâmetros aconselhados para a determinação do 

potencial ecológico são aqueles que são utilizados para as massas de águas mais 

similares. Os métodos de avaliação do potencial ecológico das albufeiras de barragem, 

encontram-se pouco desenvolvidos e validados. Neste contexto, o objectivo deste 

estudo é o estabelecimento de uma metodologia geral para a determinação do potencial 

ecológico das albufeiras de barragens de Espanha, através do elemento biológico 

ictiofauna. Numa fase inicial a diversidade de processos dinâmicos das albufeiras de 

barragem foram organizados através de uma tipologia abiótica. Posteriormente, um 

conjunto de métricas geralmente usado na construção de índices de integridade biótica, 

foi avaliado na capacidade de resposta à variação da integridade das populações 

piscícolas, resultante de impactos humanos em albufeiras e para determinadas 

ecoregiões.  

Para o primeiro objectivo, 120 albufeiras das bacias hidrográficas do Norte, Douro, 

Guadiana e Júcar foram caracterizadas através de um conjunto de variáveis 
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hidromorfológicas. O sistema de classificação A proposto pela DQA foi avaliado e uma 

nova metodologia de classificação foi desenvolvida, resultando numa tipologia abiótica 

para as albufeiras de Espanha. Através de uma análise de componentes principais, 

identificaram-se os principais descritores da variabilidade de albufeiras e com base nos 

resultados obtidos pelo método de cluster de Ward, construiu-se o esquema final de 

classificação. O sistema de classificação A para lagos identificou 27 tipos de albufeiras, 

em que 8 são representados por uma única albufeira. A tipologia alternativa baseia-se 

em 3 principais descritores com importantes efeitos na limnologia geral das albufeiras: 

localização montante-jusante que resulta da combinação da área da bacia hidrográfica 

moderada pela altitude, dimensão dada pelo volume e geologia obtida pelos valores de 

condutividade. Com esta tipologia foram identificados 14 tipos de albufeiras 

representados de 3 a 33 albufeiras. Este esquema alternativo é, aparentemente, mais 

efectivo na organização da diversidade de albufeiras pois baseia-se nas características 

gerais das albufeiras para definir categorias, reconhece a singularidade destas massas de 

água em oposição a reduzi-las à condição de sistema lênticos, foca a necessidade do 

estabelecimento de ecoregiões mais discriminativas e estabelece um numero razoável de 

tipos de albufeiras para posterior definição de estações de referência. 

Os resultados obtidos no desenvolvimento desta classificação abiótica claramente 

sugerem que um conjunto de descritores específicos para albufeiras é uma melhor opção 

do que os descritores de lagos do Sistema de classificação A da DQA. No entanto, 

devem ser feitos ajustes posteriores para melhorar e expandir a aplicabilidade desta 

abordagem e outros estudos devem ser desenvolvidos no sentido de uma maior 

compreensão das interacções bióticas e abióticas das albufeiras de barragem. 

Para o segundo objectivo, 88 albufeiras de barragem foram amostradas no Verão de 

2006, para avaliação das comunidades piscícolas e recolha de dados indicadores de 
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degradação ambiental, nomeadamente, turbidez, clorofila a integrada, concentração de 

oxigénio e de amónio sobre o sedimento das albufeiras. Através de análise de cluster de 

Ward, baseada num conjunto de 22 albufeiras pouco deterioradas, foram identificadas 

as principais ecoregiões para ictiofauna. Diferenças significativas entre as ecoregiões 

foram testadas através de uma análise de Kruskal-Wallis. As espécies de peixes foram 

classificadas em guilds ecológicas para cálculo de métricas funcionais reflectindo varias 

componentes da comunidade. No total 64 métricas foram retidas e avaliadas em relação 

ao alcance, capacidade de resposta, precisão e redundância, recorrendo a correlações de 

Spearman. Diferenças entre zonas de referência e zonas deterioradas foram testadas 

através de Mann-Whitney. Três ecoregions foram estabelecidas compartindo os mesmos 

limites das bacias hidrográficas. Cada ecoregião está representada por um número 

variável de albufeiras, proporções distintas de albufeiras pouco deterioradas e 

deterioradas e apresenta diferenças em termos da qualidade geral das águas das 

albufeiras. No total, foram seleccionadas 13 métricas expressas em maioritariamente em  

CPUE (% e total)  que respondem às variáveis turbidez e clorofila a integrada. O 

número de métricas por ecoregião é distinto e apenas as métricas densidade de espécies 

fitofílicas e espécies tolerantes apresentaram aplicabilidade para toda a Espanha. Não 

foi encontrada variação significativa entre albufeiras pouco deterioradas e deterioradas 

para nenhuma métrica ou ecoregião. No entanto, na bacia hidrográfica do Júcar as 

métricas relacionadas com Cyprinus carpio, espécies limnofílicas, omnívoras, bênticas 

e espécies fitofílicas apresentavam representações contrastantes entre albufeiras pouco 

deterioradas e deterioradas.  

As bacias hidrográficas são globalmente consideradas unidades ecológicas distintas com 

fronteiras que dependem da topografia e sistemas montanhosos que limitam a passagem 

dos cursos de água. Nestas regiões relativamente isoladas as espécies sofrem diferentes 
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processos de selecção que através dos anos se manifestam em diferentes comunidades 

em bacias adjacentes como é o caso do Douro, Norte e Júcar. A opção de considerar as 

bacias-hidrográficas como ecoregiões apresenta diversas vantagens: (i) o gradiente 

montante-jusante pode ser, facilmente avaliado; (ii) igualmente, as fonte de poluição 

podem ser detectadas seguindo a rede hidrológica (iii) são ferramentas importantes de 

gestão de albufeiras, pelo controlo de entradas e saídas de água em barragens 

consecutivas num mesmo curso de água (iv) as bacias hidrográficas são uma 

aproximação da unidade de gestão proposta pela DQA, as regiões hidrográficas. 

As métricas expressas em CPUE são mais adequadas para avaliar o estado ecológico 

das albufeiras do que métricas baseadas em diversidade. Esta situação pode ser 

explicada pelo reduzido numero de espécies de ictiofauna em Espanha e pelo processo 

de homogeneização biótica que ocorre em albufeiras com a introdução de espécies 

exóticas. Algumas métricas retidas são coincidente com estudos anteriores 

desenvolvidos a nível da Península Ibérica e a nível Europeu. A análise de métricas 

revelou algumas incoerências que podem indicar que a aplicação dos métodos de 

avaliação tradicionais não são adequados para a determinação do potencial ecológico de 

albufeiras de Espanha com base em ictiofauna. No entanto este estudo constitui uma 

primeira abordagem à aplicação da DQA em sistemas fortemente modificados, futuros 

estudos deverão ter em consideração diversos factores: (i) uma maior incidência em 

métricas de abundância e em substituição das métricas baseadas em espécies; (ii) 

aumento do conhecimento dos ciclos de vida e habitats preferenciais para uma maior 

precisão das métricas; (iii) definição de estações de referencia mais exacta e baseada em 

descritores da dinâmica das albufeiras; (iv) aumento da dimensão da amostra incluindo 

albufeiras pouco deterioradas em contraste com albufeiras fortemente deterioradas e v) 
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análise mais detalhada no estabelecimento de tipos de albufeiras considerando quer as 

comunidades piscícolas quer os factores abióticos da estrutura da albufeira. 

Com o desenvolvimento desta metodologia geral, vários problemas foram encontrados 

normalmente relacionados com o reduzido conhecimento científico das massas de água 

fortemente modificadas e das comunidades biológicas que alberga. Apesar de várias 

soluções metodológicas serem apresentadas, é importante reter que a complexidade 

destas massas de água, realça a importância de, em qualquer avaliação ecológica, ser 

analisada cuidadosamente e em detalhe as características do local e as particularidades 

das respectivas comunidades biológicas. Em geral, esta abordagem metodológica para a 

avaliação do potencial ecológico de albufeiras de barragem em Espanha, constituiu uma 

primeira observação da complexidade no cumprimento dos objectivos da DQA para 

massas de água fortemente modificadas.  

 

PALAVRAS-CHAVE: Directiva Quadro da Água; albufeiras de barragem; tipologia; 

métricas de ictiofauna; Espanha. 
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GENERAL INTRODUCTION 

 
Water resources play an essential role in the environment, economy and society. 

However, for the past decades, they have been subject to serious pressures including 

pollution and increasing demands for domestic, industrial and agricultural uses 

(Belpaire, Smolders, Auweele, Ercken, Breine, et al., 2000; Irvine, 2004). As a result of 

the continuous decline in freshwater diversity and water quality in the last 30 years 

(Jenkins, 2003), a new legislative tool was developed in the EU with the ultimate 

objective of promoting an integrated and sustainable use of water resources. In 

opposition to traditional water management tools, the Water Framework Directive 

(WFD) focus primarily on the ecological status of water bodies and requires the 

development of assessment tools for four biological components and the 

implementation of measures to improve, conserve and protect inland surface waters, 

transitional waters, coastal waters and groundwater (EU, 2000). The WFD was 

officially published in 22 December 2000, establishing key actions to be conducted 

within specific time frames and aiming at attaining a ‘good ecological status’ in all 

water bodies by 2015. Primarily, each state member is obligated to identify all water 

bodies in their national territory, and differentiate them into types as instructed in the 

annex II of the WFD (EU, 2000). Finally, references sites should be established within 

each type for evaluation of water bodies’ status using biological, hydromorphological 

and physico-chemical indicators (EU, 2000).  

The WFD offers two general alternative systems for typology definition and posterior 

reference based quality assessment (Verdonschot & Nijboer, 2004; Nijboer, Johnson, 

Verdonschot, Sommerhäuser & Buffagni, 2004; Moog, Schmidt-Kloiber, Ofenböck & 
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Gerritsen, 2004). System A determines that types should be established within an 

ecoregion context, complemented with fixed categories of 4 abiotic descriptors (i.e. 

depth, area, geology and altitude). Alternatively, System B allows each state member to 

propose a different classification, including the elements of system A and other 

chemical and physical factors considered important in structuring biological 

communities, with no categories restrains (Hughes, 2005). Overall 25 ecoregions are 

established in the WFD based on the macroinvertebrate distribution scheme by Illies 

(1978). Ecoregions are defined as areas with relatively homogeneous ecosystems, and 

similar patterning in the quality and quantity of environmental resources (Karr, 

1991;Omernik & Bailey, 1997). They are particularly important for ecological 

assessment because they determine the pool of species resident in a particular region 

(Roset, Grenouillet, Goffaux, Pont & Kestemon, 2007). However, both frontiers and 

applicability in describing spatial distributions of other biological communities remain 

unclear (Karr, 1991; Reyjol, Hugueny, Pont, Bianco, Beier et al., 2007, Schmutz, 

Melcher, Frangez, Haidvogl, Beier et al., 2007) and effectiveness of smaller provinces, 

river basins and other physiographic characteristics in biological discrimination is yet to 

be tested (Karr, 1991). 

Within the WFD, fish are one of the key quality elements used to describe the 

ecological status because they are present in nearly all water bodies, respond to habitat 

quality at different scales, occupy several trophic levels and are considered essential in 

restoration and management measures (Lammens, 1999; Godlewska & Świerzowski, 

2003). As fish present several qualities as to be use as indicators of water quality, 

different fish-based indices have been developed worldwide for assessing aquatic 

ecosystems (Belpaire, et al. 2000; e.g. Pont, Hugueny, Beier, Goffaux, Melcher, et al. 

2006). Most indices were based in the general Index of Biotic Integrity framework by 
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Karr, Fausch, Angermeier, Yant, & Schosser (1986), incorporating a reference 

condition approach and relevant biological variables or metrics to describe assemblage 

characteristics and quantify the impact of human activities on the biota (Noble, Cowx, 

Goffaux & Kestemont, 2007; Roset et al., 2007). Although the IBI framework fills the 

WFD requirements, geographic constrains in metrics application are expected 

(Angermeier & Karr, 1986), for they are normally adapted to particular communities 

with common general characteristics and similar species pools (e.g. Ferreira et al. 2007).  

Nowadays, most of the available inland water in the world is restrained into more than 

800.000 reservoirs (Rosemberg, McCully & Pringle, 2000). The construction of 

reservoirs has notably increase in the past 50 years, to improve water supply, irrigation, 

flood control and hydropower generation (Riera, Jaume, De Manuel, Morgui & 

Armengol, 1992). River damming and reservoir building is particularly dramatic in arid 

and semi-arid regions in Southern Europe, due to the instability of rainfall and 

hydrologic regimes typical of Mediterranean climates (Gasith and Resh, 1999). In 

particular, Spain is one of the E.U. state members with a longer history in dealing with 

water scarcity (Riera et al., 1992; Dirksen, 2002). Reservoir construction dates from the 

II century and in the present days more than 1200 reservoirs are in use in the country, 

controlling about 40% of total water flow. Indeed, reservoirs are definitively the most 

important lentic water bodies in Spain, considering the low abundance of lakes (Matias 

& Boavida, 2005).  

The WFD considers reservoirs as heavily modified water bodies that must be subject to 

similar procedures and measures in order to achieve a good ecological potential (EU, 

2000). Methodologies for assessment of heavily modified water bodies are similar to 

those for the most resembled water bodies and, in the case of reservoirs, descriptors for 

type’s designation and ecological assessment are the same used in lakes. In fact, 
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reservoirs share several lentic characteristics with lakes, concerning namely 

stratification processes and nutrient uptake (Thornton, Kimmel & Paine, 1990). 

However, reservoirs are increasingly considered intermediate between lakes and rivers 

(Ryder, 1978; Gelwick & Matthews, 1990; Kimmel, Lind & Paulson, 1990; Irz, Odion, 

Argillier, Pont, 2006), with similarities with the latter including reduced residence time 

and high inflow of organic matter (Kimmel et al., 1990). Moreover, reservoirs also 

show unique ecological, hydrological, physico-chemical and morphological 

characteristics (Wetzel, 1990; Irz et al., 2006). Therefore, to avoid misleading effects, 

generate more comprehensive and accurate evaluations and fulfill the objectives of the 

WFD, reservoir complex dynamics and distinctiveness in operation processes, should be 

increasingly incorporated into both typology establishment and assessment procedure. 

In opposition to natural lakes, ecological research in reservoirs is relatively recent and a 

grand part was developed in Spain and addressed general limnology and phytoplankton 

distribution (Planas, 1975; e.g. Margalef, Planas, Armengol, Vidal, Prat et al., 1976; 

Margalef, Mir & Estrada, 1982; Armengol, Riera & Morguí, 1991; Sabatter & Nolla, 

1991, Riera et al., 1992; Dasí, Miracle, Camacho, Soria &Vicente, 1998). Studies with 

fish were also mainly exploratory, and little is known about the efficacy of this 

biological component in assessing the ecological status of reservoirs (but see Godinho, 

Ferreira & Castro, 1998; Irz, Laurent, Messad, Pronier & Argillier, 2002; Carol, 

Benejam, Alcaraz, Vila-Gispert, Zamora et al., 2006). Specifically, empirical evidence 

on fish distribution, abundance and assemblage structure in reservoirs is lacking. 

Effective implementation of WFD in reservoirs will thus require further study of 

descriptors of their diversity and dynamics that may be used in assignment and 

establishment of new typologies and development and evaluation of biological metrics 

to be used in assessment of ecological status.  
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The present study aims at establishing a general methodology for determination of the 

ecological potential of Spanish reservoirs, using fish as the element for bioassessment. 

Specific objectives were:  

1) To establish a typology for reservoirs, based on abiotic factors describing its 

specific dynamics and structure; 

2) To evaluate metrics commonly used in fish-based indices for their ability to 

reflect variation in assemblage integrity and extant of human impact across 

reservoirs.  

Results from each these tasks were further integrated and used to explore how current 

procedures for assignment and biological assessment of reservoirs may be more 

thoroughly tested and refined for application in the context of the WFD, and establish 

new research priorities.  

 
REFERENCES 

 
Angermeier, P. L. & Karr, J. R. (1986). Applying an index of biotic integrity based on 

stream-fish communities: considerations in sampling and interpretation. North 

American Journal of Fisheries Management, 6, 418-429. 

Belpaire, C., Smolders, R., Auweele, I.V., Ercken, D., Breine, J., Van Thuyne, G. & 

Ollevier, F. (2000). An Index of Biotic Integrity characterizing fish populations and 

ecological quality of Flandrian water bodies. Hydrobiologia, 434, 17–33. 

Blondel J. & Aronson J. (1999). Biology and Wildlife of the Mediterranean Region. 

Oxford: Oxford University Press, 328 pp. 

Carol, J., Benejam, L., Alcaraz, C., Vila-Gispert, A., Zamora, L., Navarro, E., 

Armengol, J. & García-Berthou, E. (2006). The effects of limnological features on fish 

assemblages of 14 Spanish reservoirs. Ecology of Freshwater Fish, 15, 66–77. 



Methodology for establishing the ecological potential of reservoirs in Spain  

Mestrado em Ecologia e Gestão Ambiental                      14 

Dirksen W. (2002). Water management structures in Europe. Irrigation and 

Drainage,51,199-211 

EU. (2000). Directive 2000/60 of the European Parliament and the Council of 23 

October 2000 establishing a framework for Community action in the field of water 

policy. Official Journal of the European Union, L327, 1–72. 

Ferreira, T., Caiola, N., Casals, F., Oliveira, J. M. & de Sostoa, A. (2007a). Assessing 

perturbation of river fish communities in the Iberian Ecoregion. Fisheries Management 

and Ecology, 14, 519–530 . 

Gasith, A. & Resh, V. H. (1999). Streams in Mediterranean climate regions: abiotic 

influences and biotic responses to predictable seasonal events. Annual Review of 

Ecology and Systematics, 30, 51-81. 

Gelwick, F. P. & Matthews, W. J.(1990). Temporal and spatial patterns in littoral-zone 

fish assemblages of a reservoir (lake Texoma, Oklahoma-Texas, USA). Environmental 

Biology of Fishes, 27, 107–120. 

Godinho, F., Ferreira, M. T. & Castro, M. I. (1998). Fish assemblage composition in 

relation to environmental gradients in Portuguese reservoirs. Aquatic Living Resources, 

11, 325–334. 

Illies, J. (1978). Limnofauna Europaea, 2. Aufl. Stuttgart: G. Fischer. 

Irz, P., Laurent, A., Messad, S., Pronier, O. & Argillier, C. (2002). Influence of site 

characteristics of fish community patterns in French reservoirs. Ecology of Freshwater 

Fish, 11, 123-136. 

Irz, P., Odion, M., Argillier, C., Pont, D. (2006). Comparison between the fish 

communities of lakes, reservoirs and rivers: can natural systems help define the 

ecological potential of reservoirs? Aquatic Sciences, 68, 109-116. 

Jenkins, M. (2003). Prospects for biodiversity. Science, 302, 1175-7. 



Methodology for establishing the ecological potential of reservoirs in Spain  

Mestrado em Ecologia e Gestão Ambiental                      15 

Karr, J. R. (1991). Biological Integrity: A Long-Neglected Aspect of Water Resource 

Management. Ecological Applications, 1(1), 66-84.  

Karr, J.R., Fausch, K.D., Angermeier, P.L., Yant, P.R. & Schosser, I.J. (1986). 

Assessing biological integrity in running waters. A method and its rationale. Illinois 

Natural History Survey, Special Publications, 5, 1-23. 

Kimmel, B. L., Lind, O. T. & Paulson, L. J.(1990). Reservoir primary production. In: K. 

W. Thornton, B. L. Kimmel and F. E. Payne (eds.), Reservoir limnology: ecological 

perspective, John Wiley & Sons, Inc., New York, U.S.A., pp. 133–193. 

Magalhães, M. F., Ramalho, C. E. & Collares-Pereira, M. J. Assessing biotic integrity in 

Mediterranean streams: development and evaluation of a multimetric fish index. In 

press 

Margalef, R., Planas, M. D., Armengol, J., Vidal, A., Prat, N., Guisset, A., Toja, J. & 

Estrada, M. (1976). Limnología de los embalses españoles. Dirección General de Obras 

Hidráulicas. MOP. Madrid. Pub. 123, 422 pp. 

Moog, O., Schmidt-Kloiber, A., Ofenböck, T. & Gerritsen, J. (2004). Does the 

ecoregion approach support the typological demands of the EU ‘Water Framework 

Directive’? Hydrobiologia, 516, 21–33. 

N. G. Matias & M. J. Boavida (2005). Effects of Catchment Development on the 

Trophic Status of a Deep and a Shallow Reservoir in Portugal. Lake and Reservoir 

Management, 21(3), 350-360. 

Nijboer, R. C., Johnson, R. K., Verdonschot, P. F. M., Sommerhäuser, M. & Buffagni, 

A. (2004). Establishing reference conditions for European streams. Hydrobiologia, 516, 

91–105. 

Omernik, J. M. & Bailey, R. G. (1997). Distinguishing between watersheds and 

ecoregions. Journal of the American Water Resources Association, 33(5), 935-949.  



Methodology for establishing the ecological potential of reservoirs in Spain  

Mestrado em Ecologia e Gestão Ambiental                      16 

Pont, D., Hugueny, B., Beier, U., Goffaux, D., Melcher, A., Noble, R., Rogers, C., 

Roset, N. & Schmutz, S. (2006). Assessing river biotic condition at a continental scale: 

a European approach using functional metrics and fish assemblages. Journal of Applied 

Ecology, 43, 70-80. 

Reyjol, Y., Hugueny, B., Pont, D., Bianco, P. G., Beier, U., Caiola, N., Casals, F., 

Cowx, I., Economou, A., Ferreira, T., Haidvogl, G., Noble, R., de Sostoa, A., Vigneron, 

T. & Virbickas, T. (2007). Patterns in species richness and endemism of European 

freshwater fish. Global Ecology and Biogeography, 16, 65–75. 

Riera, J. L., Jaume, D., De Manuel, J., Morgui, J. A. & Armengol, J. (1992). Patterns of 

variation in the limnology of Spanish reservoirs: a regional study. Limnetica, 8, 111–

124. 

Rosemberg, D. M., McCully, P. & Pringle, C. M. (2000). Globalscale environmental 

effects of hydrological alternations: introduction. BioScience, 50, 746–751. 

Ryder, R. A. (1978). Ecological heterogeneity between north-temperate reservoirs and 

glacial lake systems due to differing succession rates and cultural uses. Verhandlungen 

der Internationalen Vereinigung fuer Limnologie, 20, 1568–1574. 

Sabater, S. & Nolla, J. (1991). Distribution patterns of phytoplankton in Spanish 

reservoirs: first results and comparison after fifteen years. Verhandlungen der 

Internationalen Vereinigung fuer Limnologie, 24, 1371–1375.  

Schmutz, S., Melcher, A., Frangez, C . & Haidvogl, G., Beier, U., Böhmer, J., Breine, J. 

& I . Simoens , N. Caiola & A. de Sostoa, M. T . Ferreira & J. Oliveira, G. Grenouillet 

& Goffaux,D., de Leeuw, J. J., Noble, R. A. A., Roset, N., Virbickas, T. (2007a). 

Spatially based methods to assess the ecological status of riverine fish assemblages in 

European ecoregions. Fisheries Management and Ecology, 14, 441–452. 

Thornton, K., Kimmel, B. & Paine, F. (1990). Reservoir Limnology: Ecological 

Perspectives. Wiley-Interscience, New York, 246 pp 



Methodology for establishing the ecological potential of reservoirs in Spain  

Mestrado em Ecologia e Gestão Ambiental                      17 

Verdonschot, P. F. M. & Nijboer, R. C. (2004). Testing the European stream typology 

of the Water Framework Directive for macroinvertebrates. Hydrobiologia, 516, 35–54. 

 

Wetzel, R.G. (1990). Reservoir ecosystems: conclusions and speculations. In: Thornton, 

K.W., Kimmel, B.L. & Payne, F.E., eds. Reservoir limnology: ecological perspective. 

New York, USA: John Wiley and Sons, Inc., pp. 227–238. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Methodology for establishing the ecological potential of reservoirs in Spain  

Mestrado em Ecologia e Gestão Ambiental                      18 

 

ARTICLE I 

 

BIOTIC TYPOLOGY OF SPANISH RESERVOIRS 

 

Capela, Joana. (1) (2) (3); Magalhães, Maria Filomena (1); Alonso, Miguel (2);  

(1) Centro de Biologia Ambiental, Departamento de Zoologia e Antropologia, Faculdade 

de Ciências de Lisboa, Lisboa, Portugal 

(2) United Research Services España, S.L.. Barcelona, Spain 

(3) Corresponding author. E-mail adress: joanacapela@gmail.com 

 

Summary 

The objective of this study was to develop an abiotic typology for Spanish reservoirs 

describing its general limnology and dynamics. A total of 120 reservoirs in the Douro, 

Guadiana, Júcar and Norte administrative water basins were assigned into types using 

the Lake’s system A classification in the Water Framework Directive (WFD) and a new 

typology scheme was derived using both quantitative assessment of 9 abiotic variables 

and expert judgement. Main descriptors of reservoir variability were identified with 

Principal Component Analysis and a classification grid was build based on results 

obtained using Ward´s clustering method. The Lake system A in the WFD identified 27 

reservoir types, 8 of which included a single reservoir. The new typology scheme, based 

on catchment area moderated by altitude, volume and conductivity as a descriptor of 

geological setting, identified 14 reservoir types, ranging between 3 to 33 reservoirs. 

Although it seemed to be more effective in organizing perceived diversity in reservoir 
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structure dynamics, this scheme should not be viewed as a rigid classification and 

additional refinements are needed to further establish type specific reference conditions. 

Nevertheless, current results clearly suggest that specific sets of abiotic descriptors may 

constitute a better option than the lakes System A descriptors in meeting the WFD 

requirements regarding reservoir assignment and classification. 

 

Key-words: Water Framework Directive; System A; abiotic typology; reservoirs; 

limnological descriptors.  

 

1. Introduction 

The Water Framework Directive (WFD) was established in December 2000, ruled by a 

new European common legislation 2000/60/EC to protect and improve the quality of 

water resources (EU, 2000). To achieve this, the WFD requires that all water bodies are 

identified, assigned into surface water categories and classified in types as a function of 

its morphological, physico-chemical and biological attributes (Kolada, Soszka, Cydzik 

& Gołub, 2005).  However, the WFD only provides general guidance on these issues, 

and, within most EU member states, there was a lack of appropriate methods and 

classification systems when the WFD came into force.  

Irregularity in water availability associated to the Mediterranean climate has lead to 

widespread river damming in Southern European countries (Gasith & Resh, 1999), 

making reservoirs highly abundant relative to lakes, contrary to Northern countries. 

Although reservoirs are explicitly categorized as heavily modified water bodies within 

the WFD, procedures for their ecological assessment and typological classification 

remain poorly addressed. The WFD generally recommends the use of similar 

approaches for reservoirs and lakes (EU, 2000), but neither the Lake’s System A nor the 
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System B descriptors have been previously evaluated for their ability to describe 

reservoir dynamics and establish coherent reservoir-types. Moreover, both these 

approaches may be problematic, given increasing evidence that reservoirs are distinctive 

in dynamics, structure and ecological operation (Wetzel, 1990; Irz, Odion, Argillier & 

Pont., 2006), showing intermediate characteristics between rivers and lakes (eg. 

Gelwick & Matthews, 1990; Kimmel, Lind & Paulson, 1990; Irz et al., 2006). In these 

circumstances, assessment approaches and typology schemes specifically targeted at 

reservoirs are urgently needed. 

Spain is the EU member state with the highest number of reservoirs, with more than 

1,000 reservoirs retaining a maximum water volume of 45×109m3 (Riera, Jaume, De 

Manuel, Morgui & Armengol, 1992). Previous attempts to establish a typology for 

Spanish reservoirs have been based on water alkalinity (Margalef, Planas, Armengol, 

Vidal, Prat et al., 1976), ionic composition (Armengol, Riera & Morguí, 2001), and 

phytoplankton assemblages (Sabater and Nolla 1991, Margalef, Mir & Estrada, 1982), 

largely neglecting morphometric, hydrological and chemical characteristics of 

reservoirs. These approaches are clearly inadequate in light of the WFD guidelines, and 

a more general abiotic typology is required to meet reference condition and 

bioassessment needs.  

The objective of this study was to develop a typology scheme for Spanish reservoirs 

based on abiotic descriptors of their general limnology and dynamics. Specifically, the 

Lake´s system A classification was applied and evaluated and an alternative typology 

scheme was derived based on both quantitative assessment and expert judgment of the 

effectiveness of morphometric, hydrological and physico-chemical descriptors. Results 

were then used to explore how the current approach may be more thoroughly tested and 

refined for application in large-scale bioassessment of Spanish reservoirs. 
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2. Methodology 

 

2.1. Study area 

Although Spain is included in the Iberian-Macaronesian ecoregion defined in the WFD 

(Illies & Botosaneanu, 1963; Illies, 1978), the region shows a wide range of climate and 

geological conditions (Ministerio de Medio Ambiente, 2000). In Northern Spain the 

climate is not truly Mediterranean, with the Atlantic influence resulting in high mean 

annual rainfall and temperature (Blondel & Aronson, 1999). Conversely, the 

Mediterranean coast is characterized by low temperature gradients and gentle winters 

whereas central Spain is typically Mediterranean, with dry summers and cold winters 

with torrential rainfall events (Ministerio de Medio Ambiente, 2000). Geologically there 

is a calcareous-siliceous gradient, with limestone and sedimentary rocks predominating 

in Central and Eastern regions whereas igneous rocks or slates prevail in the Western 

region (Margalef et al. 1976; Dasí, Miracle, Camacho, Soria & Vicente, 1998) 

To cover this range of variability in climate and geological settings a total of 120 

reservoirs in the Júcar, Guadiana, North and Douro administrative water basins were 

considered for analysis (Figure 1). Following guidelines in the WFD only reservoirs 

over 0,5 km2 or 5 km were considered (EU, 2000). Overall, study reservoirs were 

mostly less than 50 hm3 and located downstream in the river basins. 
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Figure 1.  Map of  Spain, showing the location of the 120 reservoirs in Júcar, Guadiana, 

North and Douro administrative water basins. 

 

2.2. Data collection 

Nine variables were compiled for each reservoir, to describe its location in the river 

network, hydrology, morphometry  and physico-chemical setting (Table 1). Variables 

describing reservoir morphology were obtained from the Spain’s Environment Ministry 

database (http://servicios3.mma.es/gahla/rec_hid/inv_presas/consultas/presas.jpg). 

Mean depth was measured as the ratio volume/area. Mean residence time was derived 

trough runoff and volume, considering no water output from reservoir human uses. 

Geological setting was approached using conductivity, following previous typologies 

for river and lakes (Kolada et al., 2005; Moss, Stephen, Alvarez, Becares, Van de Bund 

et al. 2003). Conductivity data were obtained from databases developed in the frame of 
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several projects developed by URS to the administrations of Júcar, Guadiana, Douro 

and Norte.  

This set of variables included the obligatory criteria of the Lake’s system A, 

selected criteria of System B, and additional factors considered as important for 

reservoir functioning. Latitude and longitude, included as obligatory in System B were 

not considered given focus was on abiotic parameters that directly affect the internal 

dynamics of reservoirs. 

 
Table 1. Characteristics of reservoirs in the Guadiana, Douro, Júcar and Norte 

administrative water basins  

 

 

 

 

Variables Mean Standard desviation Minimum Maximum 

Hydrological     

Catchment area  (106 m2) (4) 5758.98 14130.68 10.00 73458.00 

Annual runoff  (106 m3/ano)(4) 1250.96 2538.66 2.00 12394.00 

Mean residence time (months)(3) 10.17 21.58 0.01 181.20 
     

Morphometric     

Area (104 m2)(1)(2) 910.80 1882.24 5.00 13949.00 

Volume (106m3) (4) 180.87 443.50 0.40 3219.00 

Maximum depth (m)(2) 45.29 32.27 2.00 183.00 

Mean depth (m)(1)(3) 14.40 9.51 1.60 45.31 
     

Physico-chemical     

Altitud (m)(1)(2) 572.59 357.00 26.00 1645.00 

Condutivity (µS/cm)(4) 352.08 502.91 7.90 3205.00 
(1) Obligatory in  System A of WFD  
(2) Obligatory in System B of WFD 
(3) Optional in System B of WFD 

(4) Additional 
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2.3. Data analysis 

 
2.3.1 Lake´s System A classification. 

The Lake´s System A classification was directly applied to the data. Reservoirs were 

categorized by altitude, then by area and mean profundity and finally by geology 

(trough conductivity). No criteria for region were used given all reservoirs are within 

the same ecoregion (WFD). The final classification was evaluated using the number of 

reservoir types, and the coherence of categories and distribution of reservoirs within 

each type. 

 

2.3.2. Alternative typological scheme 

Variables most crucial in differentiating reservoirs were identified and a new 

typological scheme incorporating the main descriptors of reservoir variability was build 

based on expert judgement. 

A Principal Component Analysis was used to identify the main gradients of abiotic 

variation in reservoirs (Legendre & Legendre, 1998), and the most influential variables 

in the first ordination axes were used further to quantify the association between 

reservoirs. Reservoirs were grouped through Ward´s clustering, using the Euclidean 

distance to measure similarity between reservoirs. Prior to analysis, all variables were 

log10 (X+1) transformed to approach normality and to reduce the influence in the 

analysis of peak values.  

The final typological scheme was derived based on the cluster diagram, trying to 

approach its structure and categorization order. Means and standard deviations for each 

variable within each cluster were determined and used as a basis for category definition. 

The final number of reservoir types was defined as proximally 10% of the total sample, 
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as this is generally considered a reasonable ratio for further reservoir evaluation and 

determination of ecological status (Moss et al., 2003; Logan & Furse 2002).  

 

3. Results  

 

3.1. System A classification 

Reservoirs showed an uneven distribution among categories of system A, with several 

groups for both area and depth being poorly represented (Table 2). Specifically, 

reservoirs less than 1 km2 were lacking, and reservoirs less than 10 km2 and 3m deep 

were rare (1,6% and 3.3%, respectively). Conversely, categories of altitude and geology 

were generally well represented.  

 

Table 2. Application of System A classification system for lakes in the WFD. to 120 

Spanish reservoirs in the reservoirs in the Guadiana, Douro, Júcar and Norte 

administrative water basins. No ecoregion descriptor was used because all reservoirs 

were included in Iberic-Macaronesian ecoregion. 

 
Descriptors Boundaries Description Symbol Number of reservoirs 

< 200  High altitude HA 15 
200-800 Medium altitude MA 69 Altitud (m a. s. l) 

>800 Low altitude LA 36 
<3 Shallow S 4 

3-15 Medium  M 69 Mean depth (m) 
>15 Deep D 47 

0.5-1 Very small VSm 0 
1-10 Small Sm 2 

10-100 Large L 25 
Area (km2) 

>100 Very large VL 93 
<100 Siliceous bedrock SB 34 

100-1000 Organic bedrock OB 76 Conductivity (µS/cm 
>1000 Calcareous bedrock CB 10 

 

Overall, the application of the System A resulted in 27 reservoir types, 8 of which 

included one reservoir only (Figure 2). The most numerous group (17,5%) included 

large and deep reservoirs located at medium altitude in organic bedrocks 
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(MA.M.VL.OB). Several combinations of categories were lacking, for instance shallow 

or small reservoirs at high altitudes (HA.S or HA.X.Sm) and calcareous reservoirs at 

low altitudes (LA.X.X.CB) among others. 

 
 

Figure 2. Distribution of study reservoirs (N=120) among the different types defined 

using the Lake System A classification in the WFD. Codes for reservoirs as in table 2.  

 

3.2. Main descriptors of reservoir variation 

Overall the PCA results highlight the importance of morphometric characteristics, 

location in the river network and geological setting in promoting variation among 

reservoirs (79.9% of total variation). Indeed, the first ordination axis (39.0 %) was 

primarily related to reservoir size, reflecting a gradient of increasing volume, area, and 

maximum and mean depth; the second axis (25.3%) described a hydrologic gradient 

associated to increasing catchment area and annual runoff and decreasing residence 

time; the third axis (15.6%) was mainly related to conductivity (Table 3).  

 

0

2

4

6

8

10

12

14

16

18

20

22

Reservoir types

N
um

be
r o

f r
es

er
vo

irs



Methodology for establishing the ecological potential of reservoirs in Spain  

Mestrado em Ecologia e Gestão Ambiental                      27 

Table 3. Factor loadings of individual variables used to describe Spanish reservoirs in 

the ordination axes derived with Principal Component Analysis variables used to 

describe reservoir. Loadings over |0.60| are marked in bold. 

 

Ordination Axes Variables 
1 2 3 

Catchment area   0.46 0.80 0.17 
Annual runoff   0.44 0.80 -0.35 
Area  0.86 -0.02 0.31 
Volume  0.97 -0.11 0.11 
Altitud  -0.03 -0.46 -0.30 
Maximum depth 0.83 -0.20 -0.24 
Mean depth  0.77 -0.23 -0.35 
Medium residence time  0.35 -0.74 0.52 
Conductivity  -0.03 0.36 0.78 
    

 

  

The variables most highly correlated with each ordination axis, were volume, catchment 

area and conductivity. Use of these variables in the cluster analysis, allowed the 

identification of 13 clusters, including between 4 to 19 reservoirs (Figure 3). Reservoirs 

were primarily included in two main groups, based on catchment area (17921±21600 

km2; N=35 versus 751 ± 2650 km2; N=85), with further cluster aggregation mainly 

reflecting the influence of volume and conductivity. Specifically, downstream reservoirs 

were differentiated in small (38 ± 50 hm3; N=19) and large (810 ± 916 hm3; N=16) only 

whereas upstream reservoirs were differentiated based on both volume and 

conductivity. Smaller reservoirs, which were more abundant (43 ± 190 hm3; N=62) than 

large ones (231 ± 170 hm3; N=23), were distinguished in conductive (800 ± 644 µS/cm; 

N=25) and poorly mineralized waters (137 ± 91 µS/cm; N=37). Overall, the less 

numerous cluster included medium sized reservoirs (98 ± 66,62 hm3), located 

downstream (68082 ± 5787,17 km2) and with medium conductive waters (366 ± 102,79 

µS/cm), whereas the most abundant were reservoirs with medium catchment area (2072 

± 5445,94 km2) and conductivity (722 ± 443,27 µS/cm) with large volume (110 ± 

338,31 hm3).  
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Figure 3. Dendrogram obtained using the Ward’s linkage method on Euclidean 

distances among the 120 study reservoirs in Spain, using as descriptors the 

morphometric, hydrological and physico-chemical variables  
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Figure 4. Final typology scheme for Spanish reservoirs  

 

 

3.3 Typology of reservoirs  

The first division of the final typology scheme was based on catchment area, as 

previously suggested by the cluster analysis (Figure 4). However, this variable was 

moderated with altitude to distinguish between mountain (≥900m) and lowland 

(<900m) reservoirs. Overall, mountain reservoirs were at 1124,5 ± 176,6m altitude, and 

showed a catchment with 274,2 ± 254,2 km2 whereas lowland reservoirs were at 441,7 

± 246,1 m and showed a catchment of  7059,5 ± 15446,2 km2. 

The second division was based on reservoir size. Although the cluster analysis, 

suggested the differentiation of reservoirs below and above 40 hm3 only, the range of 

volume in the latter group was broad (40-3219 hm3). Therefore, three size categories 

were defined: i) <40 hm3, ii) 40-200 hm3, and iii) ≥200 hm3, to promote a more even 

distribution of. reservoirs among categories Because small reservoirs in lowland regions 

were particularly numerous (N=54), they were further assigned using catchment area, as 

upstream (<10 000 km2) or downstream (≥10 000 km2), on line with clustering results. 

At this stage 8 groups were formed, which included different numbers of reservoirs (5-

47). Specifically, in mountain regions 13 reservoirs were small, but only 5 were large 

and medium sized; likewise in lowland regions, 47 small reservoirs showed small 

catchment areas, whereas 7 small reservoirs showed large catchment areas, and 23 were 
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medium sized and 20 were large. The most numerous groups were thus further divided 

based on geological setting, as derived from conductivity. Overall three categories were 

considered i) <100µS (siliceous), ii) 100-800 (organic), and iii) ≥800µS (calcareous). 

Overall (Figure 5), this classification scheme differentiated 14 reservoir types, including 

between 3 (i.e. lowland, large and medium, and calcareous reservoirs - Lw.M.CB) and 

32 reservoirs (i.e. small, lowland reservoirs in organic bedrock, with medium catchment 

area - LwM.S.OB). 

 
Table 4. Abiotic descriptors and respective categories used in the final typology scheme 

for  120 Spanish reservoirs 

 

Reservoir descriptor Variables Boundaries  Description Symbol Number of reservoirs 

Altitude (m) > 900 
Catchment area (km2) <1000 

Mountain Mn 23 

Altitude (m) <900 Lw 
<10 000 LwM 

Major regions 

Catchment area (km2) 
> 10 000 

Lowlands 
LwL 

97 

<40 Small S 67 
40-200 Medium M 28 Dimension Volume (hm3) 
>200 Large L 25 
<100 Siliceous bedrock SB 34 

100-800 Organic bedrock OB 71 Geology Condutivity (µs/cm) 
>800 Calcareous bedrock CB 15 

 
 
. 
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Figure 5. Distribution of the 120 study reservoirs among the different groups defined in 

the final typology scheme for Spanish reservoirs. Codes for types as in Table 4. 

 

4. Discussion 

4.1. The Lake System A approach for reservoir typology 

The WFD considers reservoirs as highly modified water bodies that should be typified 

using the same descriptors as for lakes. Indeed, reservoirs are often compared with 

lakes, as they are similar in characteristics as internal mixing and nutrient uptake 

(Politou, Economidis & Sinis, 1993). However, the application of the Lake 

classification System A to Spanish reservoirs lead to an elevated number of types, 

which pose major constrains to the definition of reference conditions for reservoirs as 

previously recognized by Buraschi, Salerno, Monguzzi, Barbiero & Tartari (2005) and 

Moss et al. (2003). Moreover, other crucial problems were found in this application of 

system A. Given Spain is included in a single ecoregion, no descriptor accounted for 

variability in physiogeographic and climate settings among reservoirs. Although it is 
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increasingly recognized that current ecoregions derived from macroinvertebrate 

distribution by Illies (1978), need to be revised and that smaller ecoregions and fluvial 

bioregions should be established (Moog, Schmidt-Kloiber, Ofenböck & Gerritsen, 

2004; Hughes, 2005) little progress has been made so far. Nevertheless, recent attempts 

to implement the WFD requirements to stream fish in the Iberian Peninsula pointed to 

the differentiation of fish-regions, based on North-South and Eastern-Western gradients 

(Ferreira, Oliveira, Caiola, De Sostoa, Casals et al., 2007a), stressing the role of 

geographic settings in ecological differentiation. Moreover, fixed categories in System 

A seemed little effective in reflecting the diversity in Spanish reservoirs, with some 

categories being absent and others over represented. Overall, categories for geology and 

altitude seemed more effective than those for morphometric characteristics, which were 

largely inadequate in differentiating reservoirs. For instance, reservoirs differing in 3m 

deep were included in different types despite they were very similar in the remaining 

characteristics (i.e Arquillo de San Blas and Las Rozas). Indeed, the origin of fixed 

categories in System A is poorly understood, and their ecological relevance is being 

increasingly questioned (Logan & Furse, 2002). 

Differences between reservoirs and lakes in what concerns their ecological operation 

may be in the origin of perceived shortcomings in Lake system A applications, both in 

terms of typology and evaluation. Comparative studies made in both water bodies 

increasingly indicate that reservoirs are distinctive in ecological, hydrological, physico-

chemical and morphological attributes (Wetzel, 1990; Irz et al., 2006), which should not 

be neglected in typology assignments In light of recent evidences, the inclusion of 

reservoirs in lake types water bodies in the WFD may be misleading, given it precludes 

the recognition of its particular dynamics and ecological and economic importance as 
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one of the main sources of water for human consumption (Carol, Benejam, Alcaraz, 

Vila-Gispert, Zamora et al., 2006). 

 

4.2. Reservoir descriptors 

Identification of effective reservoir descriptors is a crucial step in the establishment of 

any typology scheme. In this study, catchment area, volume and geology were identified 

as the main factors promoting variation among Spanish reservoirs. Although other 

variables have also been considered useful to describe the main determinants of lentic 

assemblage structure (see Irz, Laurent, Messad, Pronier & Argillier, 2002; Godinho, 

Ferreira & Castro,1998; Naselli-Flores & Barone, 2005), the importance of current 

descriptors in reservoir functioning and dynamics is also widely recognized in the 

limnological literature (see below).  

 

Catchment area  

Catchment area has long been considered to influence the structure of biological 

assemblages (Ibarra, Gevrey, Park, Lim & Lek, 2003). Moreover, this variable 

moderated with basin’s altitude is generally considered a good regional descriptor of 

mountain-lowland and upstream-downstream gradients (Schwoerbel, 1971; 

Verdonschot & Nijboer, 2004), with specific categories for both these attributes being 

previously used in the establishment of river types (Hering, Johnson, Kramm, Schmutz, 

Szoszkiewicz et al., 2006). Indeed, lowland and mountain systems may significantly 

vary in structure and function, with the former tending to be rich in nutrients, present 

high runoffs and locate in sedimentary areas whereas the later have poor inputs of 

alloctone organic matter (Hering et al., 2006). Although altitude showed little 

discriminatory ability in the current data set, it was included in the final typology 
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scheme linked to catchment area to differentiate between reservoirs in lowland, 

downstream regions and those in mountainous upstream regions. For lowland regions it 

was important to further discriminate reservoirs location in the hydrologic network for 

further assessment of the upstream-downstream gradient for species diversity (Irz et al., 

2002; Harris & Silveira, 1999).  

 

Volume 

The WFD mandates both profundity and area to be considered in lake typology (EU, 

2000). Indeed both attributes are considered accurate descriptors of reservoir’s 

dimension and morphology, playing a key role in the mixing-stratification 

characteristics of lentic systems that control gradients in temperature, light and nutrients 

availability (Knoppert, Rock, Hofker. & Oskam, 1970; Fast & Lorenzen, 1978; Oskam, 

1978; Becker, Herschel & Wilhelm, 2006). In the current typology scheme, reservoir 

size was approached using volume instead of depth and area, because this is generally 

critical to reservoir hydrological dynamics, strongly influenced by storage capacity and 

mean annual runoff. Moreover, it may also be considered a measure of the hypolimnion 

layer volume, and sediment decomposition processes.  

 

Geology 

Geology is an obligatory descriptor in river and lake classification in both Systems A 

and B in the WFD. This attribute is usually evaluated trough water conductivity, for this 

reflects well the mineral composition of water from organic, calcareous or siliceous 

watersheds (Moss et al., 2003; Kolada et al., 2005). Organic watersheds are dominated 

by peat deposits that normally occur in lowland regions, as result of the deposition of 

sediments rich in organic matter originated trough highland soil erosion. Mostly 
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calcareous watersheds show highly conductive waters that reflect elevated 

concentrations of Ca2+ and rock erosion. In opposition siliceous watersheds show little 

conductive waters, due to the inferior mineral contents supplied by acid peat or poorly 

weathered rocks  (Moss et al., 2003). Conductivity is also important because the 

presence of ions such as Ca2+ acts as phosphorous sink, conditioning the reservoir 

tendency for eutrophy (Margalef et al., 1982). At the scale of this study geology may 

also be viewed as a regional descriptor of reservoir spatial distribution (Margalef et al. 

1976; Dasí et al., 1998). Moreover, the geological categories used herein were 

consistent with previous developments in geologically based typologies (Margalef et al., 

1976; Moss et al., 2003; Negro & De Hoyos, 2005), though calcareous bedrocks which 

are mostly found in Eastern Spain were less considered. 

 

4.3. The typology scheme 

Abiotic typologies are expected to be robust, operational and scientifically supported 

(Dasí et al., 1998). However, establishing a typology scheme covering the diversity of 

conditions found in specific water bodies is a difficult task, and probably no scheme 

will ever be perfect (Moss et al., 2003). Nevertheless, all typologies should aim two 

retain two main characteristics. First, the number of types should be neither short nor 

elevated, and must reflect significant biotic differences among reservoirs (Logan & 

Furse, 2002) and allow the determination of reference conditions for further evaluation 

of its status (Moss et al., 2003). Second, characteristics used in the typology scheme 

should not overlap with variables used in ecological evaluation, to avoid constrains in 

the system measuring capability (Moss et al., 2003).  

Both these issues were fully meet in the current typology scheme for Spanish reservoirs. 

The number of resulting groups is remarkably smaller than in Lake System A 
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classification, which is considered advantageous for further selection of reference 

reservoirs (Buraschi et al., 2005). Although the establishment of reference conditions 

was not explicitly addressed herein, the 3 selected components in this scheme may be 

explored to provide some insights regarding the ecological status of reservoirs. 

Specifically, the two main reservoir groups are likely to experience considerable 

differences in nutrient content, with lowland reservoirs probably showing a higher 

tendency to eutrophy than mountain reservoirs. In respect to geological setting and 

conductivity, the oligo-eutrophic gradient may be related to the soft-hard water gradient 

dependent on the dominant mineral content of bedrocks. Finally, large reservoirs likely 

have a higher water volume in the hypolimnion layer that may induce anoxia conditions 

in the sediment whereas small reservoirs will probably face little or no stratification and 

anoxic but may experience considerable environmental instability due to its small 

residence time. 

Although, the current typology scheme was judged efficient in reflecting reservoirs 

internal dynamics, further refinement can already be envisaged to improve and expand 

the current approach. Discrimination efficacy may be improved trough the establishment 

of small ecoregions (Moog et al., 2004; Hughes, 2005) or geographical entities with 

similar characteristics (464). Moreover, additional attributes that reflect diversity in 

climate and physiogeographic conditions in Spanish reservoirs should also be further 

considered. Although this issue is often neglected (Ferreira, Oliveira, Caiola, De Sostoa, 

Casals et al., 2007b), it may be particularly important in Mediterranean regions where 

water level fluctuations tend to vary from year to year depending on water storage 

during the winter and summer water outputs may result in early breakdown of 

reservoir’s thermocline (Naselli-Flores & Barone, 2005; Buraschi et al. 2005). In these 

circumstances, the influence of geographic and climatic gradients should deserve further 
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attention given it may strongly influence biological distributions. Finally, considering 

that interactions between abiotic factors and biota in reservoirs remain poorly understood 

(Logan & Furse, 2002), further studies targeted at the biological communities of heavily 

modified water bodies are urgently needed.  

A typology should not be a rigid classification given natural variability may 

significantly change the assignment of reservoirs into specific groups (Riera, Jaume, De 

Manuel, Morgu & Armengol, 1992). Indeed, establishing category boundaries is 

especially difficult, considering both the human uses of reservoirs and their complex 

internal dynamics. To be effective, different situations should be analyzed in detail and 

readjustment of categories for reservoir assignment should be revised and tested if 

necessary. For instance, reservoirs in areas with contrasting geology may be assigned to 

different types depending on rainfall patterns of rainfall in their catchment in specific 

years (Armengol, Sabater, Riera & Morgui, 1990). Also it should be stressed, that 

reservoirs are unlikely to be randomly and evenly distributed among categories, as were 

build for human use and generally designed to reduce the risk of eutrophy (Palau, 2003).  

Reservoirs are important water bodies in Europe and particularly in Mediterranean 

regions, underscoring the need for reliable classification and typology schemes. In this 

context, the typology scheme derived for Spanish reservoirs may be considered a first 

set in building a consistent reservoir typology based in abiotic discrimination. Indeed 

current results clearly suggest that specific sets of abiotic descriptors may constitute a 

better option than the lakes System A descriptors in meeting the WFD requirements 

regarding reservoir assignment and classification. 
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Summary 

In the present study fish-based metrics commonly used in the development of Indices of 

Biotic were evaluated for application in assessing the ecological status of Spanish 

reservoirs. Fish assemblages in 88 reservoir in the Júcar, Douro and North 

administrative water basins were sampled in the summer of 2006, using gill nets. Water 

quality and human impacts in each reservoir were described using turbidity, integrated 

chlorophyll a, dissolved oxygen and ammonium (NH4) near the sediments. Main fish-

regions were identified based on Ward clustering with Euclidean distances of 22 low 

impacted sites. Fish species were assigned into functional guilds, and 64 candidate 

metrics were screened for range, responsiveness, precision and redundancy and 

differences between reference and non-reference sites. Three ecoregions were 
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established that mostly reflected river basin boundaries, and differed in the extent of 

low-impacted reservoirs and water characteristics. Overall 13 candidate metrics were 

responsive to turbidity and integrated chlorophyll a. However, there was considerable 

variation among regions, with 5, 9 and 6 metrics being selected in Northern, Douro and 

Jucar basins, respectively. Density of phytophilic species and tolerant species was the 

only metric common to all three ecoregions. No significant variation was found in any 

metric and eco-region between low-impacted and impacted reservoirs, though Cyprinus 

carpio, limnophilic, omnivorous, benthic and phytophilic species tended to be less 

represented in low-impacted than impacted reservoirs in the Júcar. Further advance in 

ecological assessment of Spanish reservoirs should account for the specificity of 

depauterate fish assemblages, including poorly known native and widespread exotic 

species, and improve the basis of the reference approach by complementing ecoregion 

assignment with abiotic classifications. 

 

Key-words: Water Framework Directive; ecoregions; reservoirs; functional metrics, 

biotic integrity; Spain. 

 

1. Introduction 

Management of water resources in Europe is now ruled by the Water Framework 

Directive (WFD), which states that all water bodies should be assessed via a reference 

condition approach using biossessment tools based on four elements, including fish 

(EU, 2000). Fish are highly sensitive to changes in aquatic environments and the 

surrounding watersheds, making them powerful biological tools in the evaluation of 

environmental degradation (Fausch, Lyons, Karr & Angermeier, 1990). Indeed, use of 

fish in monitoring and assessing water bodies is particularly adequate because of their 
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wide range in distribution, occupation of several positions in food webs and relative 

stability of populations (Karr, Fausch, Angermeier, Yant. & Schosser, 1986).  

Different fish-based indices have been developed for assessing the ecological status of 

water bodies worldwide (Hughes & Oberdorff, 1999; Noble, Cowx, Goffaux. & 

Kestemont, 2007; Miller, Leonard, Hughes, Karr, Moyle et al., 1988), most were based 

on the Index of Biotic Integrity approach (IBI: Karr et al., 1986; Karr, 1991), integrating 

a number of measures (metrics) of functional community structure, linking the 

ecological functions and requirements of different species to the impacts of human 

pressures on the structure and function of aquatic systems (Noble et al., 2007).  

Specifically, development of IBIs implies the selection and measurement of appropriate 

ecological functions and metrics, which are integrated into an index scaled to reflect the 

ecological integrity of fish assemblages (Hughes, Kaufmann, Herlihy, Kincaid, 

Reynolds et al., 1998; Pont, Hugueny, Beier, Goffaux, Melcher et al., 2006). Integrity is 

defined as the “ability to support and maintain a balanced, integrated, adaptive 

community of organisms having a species composition, diversity and functional 

organization comparable to that of natural habitat of the region”(Karr, 1991; Karr et al., 

1986). In general, indexes using metrics and scoring criteria, adapted to the region and 

water body type of interest, and accounting for the effects of natural variability are more 

defensible and tend to perform better in detecting impairment than do narrowly focused 

indices (Angermeier, Smogor & Stauffer, 2000). 

The WFD system A for typology of water bodies offers a meaningful mapping of 

Europe into ecoregions sharing similar patterns in biological assemblages. Specifically, 

the WFD classification based on Illies (1978) description of macroinvertebrates 

distribution leads to the definition of 25 ecoregions in Europe. However, these areas are 

increasingly recognized as needing further analysis, and the establishment of smaller 
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boundaries using river basins may be important (Karr, 1991). In the case of fish faunas, 

recent studies lead to the definition of new homogeneous regions among European 

watersheds (Melcher, Schmutz, Haidvogl & Moder, 2007). Moreover, the importance of 

using accurate eco-types in analysing metric responsiveness to impairment and scoring 

IBIs is fully acknowledge in recent fish literature (e.g. Tejerina-Garro, Maldonado, 

Ibanez, Pont, Roset et al., 2005; Roset, Grenouillet, Goffaux, Pont & Kestemon, 2007; 

Ferreira, Caiola, Casals, Oliveira & De Sostoa, 2007a). 

Although fish based IBIs have been widely used in streams (e.g. Hughes & Oberdorff, 

1999; Oberdorff, Pont, Hugueny & Porcher, 2002; Pont et al., 2006; Pont, Hugueny & 

Rogers, 2007), its applicability in lentic systems remains largely unknown. Fish 

communities have been well studied in several European natural lakes (e.g. Paxton, 

Fletcher, Hewitt & Winfield, 1999; Gassner, Tischler & Wanzenböck, 2003;  Perga & 

Gerdeaux, 2003), but use of fish in assessing the ecological status of lakes, and 

reservoirs is poorly tested. Nevertheless, available data for reservoirs (Hickman & 

McDonough, 1995; McDonough & Hickman, 1999) and lakes (Irz, De Bortoli, 

Michonneau, Whittier, Oberdorff et al., 2007; Lyons, Gutiérrez-Hernández, Díaz-Pardo, 

Soto-Galera, Medina-Nava et al., 2000) suggest that further modification and validation 

of metrics may be needed (Schulz, Hoyer & Canfield, 1999; Wanzenböck, Gassner, 

Lahnsteiner, Hassan, Hauseder et al., 2002; Gassner, Tischler, & Wanzenböck, 2003). 

Development of fish-based indices for assessing reservoirs in Spain is especially 

challenging. First, more than 1000 reservoirs can be found in the country, presenting a 

large diversity of abiotic conditions (Riera, Jaume, De Manuel, Morgui. & Armengol, 

1992; Granado-Lorencio, 1992). Second, fish assemblages show low species richness 

per site but are highly variable among watershed, and include several generalist and 

tolerant species (Doadrio, 1988; Vargas, Real & Guerrero, 1998; Ferreira, Oliveira, 
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Caiola, De Sostoa, Casals, et al. 2007b; Magalhães, Ramalho & Collares-Pereira, in 

press), demanding the establishment of new metrics specifically designed to deal with 

these limitations. Previous studies of fish in Spanish reservoirs centred in the effects of 

reservoirs characteristics in growth, reproduction and other biological features of 

particular species (e.g. Granado-Lorencio, Hortal & Gutierrez, 1985; Sancho-Royo & 

Granado Lorencio, 1988). Studies focused in the establishment of functional metrics to 

be used in ecological assessment of reservoirs are thus urgently need to support the 

implementation of the WFD. 

The present study describes an approach to address this need, by analysing the 

responses of fish assemblage in Spanish reservoirs to human perturbation, using metrics 

from other IBIs, and namely in the European Fish Index, developed within the wider 

European FAME project (Pont et al., 2006, 2007). Specifically, a data set from Spanish 

reservoirs is used to describe the characteristics of fish assemblages, establish dominant 

fish-types, and quantify their responses to human impacts. Results where then used to 

explore the implications for reservoir assessment and establish new foundations for 

further development of fish-based indices.   

 

2. Methodology 
 

2.1. Study area 
The study was conducted in 88  reservoirs in Spain, distribute across Júcar, Douro and 

Norte administrative water basins. These river basin districts locate within WFD 

ecoregion no. 1 (Iberic-Macaronesian region), but their distribution along North-South 

and West-East gradients, was judged to allow a good representation of both fish fauna 

and abiotic diversity found in reservoirs across the country (Ferreira et al. 2007b). 
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In Northern Spain the climate has Atlantic influence resulting in high mean annual 

rainfall and temperature (Blondel & Aronson, 1999; Ministerio de Medio Ambiente, 

2000), according with Elvira (1995), eight native species and four exotic can be found 

in the region. The species Chondrostoma miegii, Salmo trutta and Gobio lozanoi 

(Oscoz, Leunda, Miranda & Escala, 2006) are mostly distributed in the North (Doadrio, 

1998). However, other native species, described for adjacent Douro, can also be found, 

namely Chondrostoma arcasii, Chondrostoma duriense and Squalius carolitertii 

(Doadrio, 1998). In total Douro basin has 9 native species and 13 exotics (Elvira, 1995) 

including the endemic species Barbus bocagei and Squalius alburnoides, mostly 

restrained central basins with Mediterranean climate (Ministerio de Medio Ambiente, 

2000; Doadrio, 1998). In the Eastern Spain were the climate is characterized by low 

temperature gradients and gentle winters (Ministerio de Medio Ambiente, 2000); Júcar 

basin harbours 15 native species and 8 exotics (Elvira, 1995), among these are included 

Squalius pyrenaicus, Chondrostoma turiense and Barbus guiraonis (Doadrio, 1998). 

Study reservoirs differed markedly with respect to morphology, productivity, hydrology 

and human-use (further details can be found in the article “Abiotic typology of Spanish 

reservoirs” of this dissertation). 

 

2.2. Data collection 

Data used in this study were collected in the frame of several fish and habitat surveys 

carried out across the study reservoirs by URS, Barcelona to the Administrative water 

basins.  

Four variables were used to characterize water quality and human disturbance in each 

reservoir. Turbidity given by Secchi depth, integrated chlorophyll a, dissolved oxygen 

and ammonium (NH4) near the sediments in the hypolimnion layer, were determined 
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trough standardized methods (APHA, 1998) at the deepest point in each reservoir, in the 

summers of 2005 and 2006. According to Carol, Benejam, Alcaraz, Vila-Gispert, 

Zamora et al. (2006), water quality alters species composition of reservoirs, partially 

explained by chlorophyll and nutrient concentrations, while turbidity is related to 

reservoirs eutrophic level. Sampling in summer, when water tends to show lower 

volume, higher temperature and higher concentration of nutrients and pollutants, 

allowed the assessment stratification and the most extreme conditions occurring in each 

reservoir. The age of each reservoir was taken from Spain’s Environment Ministry 

database (http://servicios3.mma.es/gahla/rec_hid/inv_presas/consultas/presas.jpg). 

Variation in sampling year is expected to have little or no confounding effects because 

no marked changes were observed in reservoirs general condition between 2005 and 

2006.  

Fish assemblages were sampled in the summer of 2006, using gill nets set along the 

pelagic and benthic zones of each reservoir. In order to standardized the sampling effort, 

only the pelagic simple gill nets with length 30 m, height 3 m; 12 mesh-sizes from 5–55 

mm place in the littoral, where considered. Gill net number per reservoir ranged 

between  1-30. All gill nets were set before dusk and lifted after dawn to assure fishing 

of the likely maximum activity periods for all fish species (Mehner, Diekmann, Brämick, 

& Lemcke, 2005). All fish captured was identified, counted, measured and weighted in 

the field. Given sampling effort was variable among reservoirs, catch per unit effort 

(CPUE, number of fish), and biomass per unit effort (BPUE, grams of fish) were 

derived in relation to the total area of the gill nets used (m2) and duration of the fishing 

(h).  
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2.3. Fish-based classification 

Ecological discrimination of reservoir types required the selection of low impacted 

sites, where changes in fish communities are expected to reflect geographic, climatic or 

isolation conditions rather than human impacts or pressures. In the present study, this 

selection was made following the WFD article 5 and 6 reports of river basin districts to 

the European Commission (Demarcación hidrográfica del Júcar, Douro, Norte I,II y III, 

2005). Therein, impacts and pressures were identified as required by the WFD, and 

reservoirs with low probability of failing the WFD objectives of a good ecological 

potential were listed, and further considered in this analysis.  

Prior attempts to implement the WFD requirements in Spanish reservoirs defined an 

abiotic typology with no a priori ecological or biological discrimination (article 

“Abiotic typology of Spanish reservoirs”). This typology was tested for biological 

validity by comparing fish species CPUE among low-impacted reservoirs, using 

Kruskal-Wallis analysis (Legendre & Legendre, 1998). Main fish-regions were further 

identified based on a Ward clustering with Euclidean distances, retaining only species 

that occur in more than one reservoir (22 reservoirs × 12 fish species). The larger 

clusters were analysed in search of biological significance and minor readjustments 

were made when necessary based on expert judgment. 

 

2.4. Metric selection and performance 

Fish species were classified in trophic, reproduction, habitat, migration and tolerance 

guilds, following Pont et al. (2006) and using the complete classification list of the 

FAME Project (http://fame.boku.ac.at/). For species with insufficient information or 

expected to show particular ecological adaptations to lentic conditions both additional 

published and grey literature was used in their ecological assignment (Table 1). 
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Table 1. Functional attributes of fish species in the Norte, Douro and Júcar  river basins, in Spain, used in metric classifications. 

 

Family / species Origin a Endemism Conservation status c Habitat d Reprodution Guild e Feeding Habitat f Trophic guild g Migration h Tolerance i

Anguillidae   
Anguilla anguilla NATI - VU EURY - BENT INVE LONG 3
Centrarchidae   
Lepomis gibbosus EXOT - - LIMN POLP PELA INVE MOV 2
Micropterus salmoides EXOT - - LIMN LITH PELA PISC MOV 2
Cyprinidae   
Alburnus alburnus EXOT - - EURY PHYL PELA INVE MOV 2
Barbus bocagei NATI E NT EURY LITH BENT OMNI LONG 2
Barbus comizo NATI E VU LIMN LITH PELA OMNI LONG 2
Barbus guiraonis NATI E VU EURY LITH PELA INVE MOV 2
Carassius auratus EXOT - NT LIMN PHYT BENT OMNI MOV 3
Chondrostoma arcasii NATI E VU RHEO LITH PELA OMNI MOV 2
Chondrostoma duriense NATI E VU RHEO LITH PELA OMNI MOV 2
Chondrostoma miegii NATI E NT RHEO LITH BENT HERB LONG 2
Chondrostoma polylepis NATI E NT RHEO LITH BENT HERB LONG 2
Chondrostoma turiense NATI E EN RHEO LITH PELA HERB MOV 2
Cyprinus carpio EXOT - NT LIMN PHYT BENT OMNI MOV 3
Gobio lozanoi NATI E VU RHEO PSAM BENT INVE MOV 2
Squalius alburnoides NATI E VU RHEO PHYT PELA INVE MOV 2
Squalius carolitertii NATI E VU RHEO LITH PELA INVE MOV 2
Squalius pyrenaicus NATI E VU RHEO LITH PELA INVE MOV 2
Tinca tinca NATI - NT LIMN PHYT BENT OMNI MOV 3
Esocidae   
Esox lucius EXOT - - EURY PHYT PELA PISC MOV 1
Percidae   
Sander lucioperca EXOT - - LIMN LITH PELA PISC MOV 2
Salmonidae   
Oncorhynchus mykiss EXOT - - RHEO LITH PELA INVE LONG 1
Salmo trutta NATI - VU RHEO LITH PELA INVE LONG 1
           
a After Hughes et al. (1998). NATI= Native; EXOT =Alien. 
b After Doadrio (2002). E= Iberian endemism. 
c After Doadrio (2002). NT= Not threatened;VU= Vulnerable; EN= Endagered. 
d After Pont et al. (2006); Oberdorff et al. (2002); Schiemer & Waidbacher (1992); Pouilly (1994). EURY= Eurytopic; LIMN= Limnophilic; RHEO= Rheophilic. 
e After Balon (1975); Mann (1996); Oberdoff et al. (2002). LITH = Lithophils; PHYT = Phytophils; PHYL = Phytolithophils; PSAM = Psamophils; POLP= Polyphils. 
f After Oberdoff et al. (2002); Pont et al. (2006); Grandmottet (1983); Oberdorff & Hughes (1992); Berrebi dit Thomas, Belliard & Boët (1998). PELA=Pelagic; BENT=Benthic. 
g After Pont et al. (2006); Michel & Oberdorff (1995); Pont, Mérona & Boët (1995). INVE= Invertivores; OMNI = Omnivores; HERB = Herbivores; PISC = Piscivores. 
h After Welcome,Winemillerb & Cowx  (2005) Pont et al. (2006),: LONG = Longitudinal migrations witch take usually between breeding, feeding and refuge locations. Such migrations can be extremely long (see  Lucas and Baras, 2001) Longitudinal migrations can take place entirely 
within the river channel, from large lakes up rivers (potamodromous)or from the sea to rivers (diadromous). MOVI = Species that do not undergo migration along the river channel. The movements that occur are consequence of seasonal expansion and contraction in flooded area. 
i After Pont et al. (2006); Filipe et al. (in press); Hughes et al. (1998); This guild represents tolerance to alterations in water quality or to extreme conditions respecting temperature, turbidity, oxygen and salinity : 1 = Intolerant,  fishes with low tolerance to alterations in water quality (e.g., 
Esox lucius); 2 = Moderate tolerants, capacity to support more variable conditions in water quality (Micropterus salmoides) 
3 = fishes extremely tolerant to low water quality. 
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Overall, 88 reservoirs and 23 fish species were considered for metric selection and 

performance analysis. Given that the choice of how to express a metric is as important 

as the definition of the metric itself (Karr & Chu, 1999; Oberdorff, Pont, Hugueny, & 

Porcher, 2002; Pont et al., 2006; Faush et al., 1990), candidate metrics were expressed 

in six units: number of species (N), relative number of species (%N, number of species 

divided by the total species richness), catch per unit sampling effort (CPUE), relative 

catch per unit sampling effort (%CPUE, captures divided by the total fish captures), 

biomass per unit effort (BPUE) and relative biomass per unit effort (%BPUE, biomass 

divided by the total fish biomass). However, preliminary analyses using the Spearman 

rank correlation coefficient (Siegel & Castellan, 1978; Zar, 1996), not showed here, 

indicated strong and highly significant associations between CPUE and BPUE datasets 

(0,40-0,91; p<0,05). Thus only the former were retained, as it implies minor sampling 

costs and facilitate further interpretation of the results. Overall, 15 metrics expressed in 

number of species (Ns), proportion of species (%Ns), fish CPUE (Ni) and proportion of 

fish CPUE (%Ni) were analysed. Total CPUE (TNi), total number of species (TNs), 

Cyprinus carpio total CPUE (Ni_CARP) and proportional CPUE (%Ni_CARP) were 

also assessed for performance and adequacy within each reservoir eco-type.  

Candidate metrics were screened for range, responsiveness, precision and redundancy, 

following Hughes et al. (1998). First, metrics representing less than 3 species were 

considered as having insufficient range to be used in scoring, and rejected. Second, the 

Spearman Rank Correlation Coefficient (Siegel & Castellan, 1988) was used to test the 

responsiveness of candidate metrics to abiotic variables. Both the significance and sign 

of the correlations and the plotted distribution of candidate metrics were evaluated, and 

metrics showing inappropriate responses (i.e. r<|0,50|) to degradation variables were 

excluded. Third, associations between metrics were evaluated through the Spearman 
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Correlation Coefficient (Zar, 1996). Pairs of metrics with strong correlations (i.e. 

r>|0.50|) were considered redundant and the least responsive metric of the pair was 

rejected. Finally, Mann-Whitney tests (Zar, 1996) were used to identify the metrics 

providing the better discrimination between reference and non-reference sites. 

Throughout the analysis, the significance level was set at p<0.05, to focus on the 

detection of strong patterns in the data. 

 
3. Results 

 

A total of 7942 individuals from 6 families and 23 species were collected (Table 1). The 

most abundant and widespread was the native Chondrostoma duriense whereas the most 

rare and sparse was the exotic Esox lucius, but Chondrostoma miegii, C. polylepis, C. 

turiense, Oncorhynchus mykiss and Squalius alburnoides also occurred in one reservoir 

only. No fish were captured in two reservoirs.  

 

3.1. Fish-based classification 

The classification of reservoirs using abiotic variables had only 10 of the 14 reservoir-

types represented by low-impacted sites. No significant differences were found among 

the abiotic types of reservoirs in respect to fish assemblages and total density. Within 

the same reservoir type, CPUE ranged from 0 to 58 and the diversity of species could 

range from 0 to 9 species.  

Ecological discrimination of the 22 low-impacted reservoirs, using Ward cluster 

analysis, revealed 3 main reservoir groups, mostly reflecting variation in river basins 

(Figure 1). Indeed, with a small readjustment of four reservoirs, the boundaries of the 

extracted clusters corresponded to the Norte, Douro, and Júcar major river basins 
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(corresponding to the administrative hydrologic regions). Therefore, these basins were 

considered as presenting distinct fish-types, in subsequent analysis.  

 

 
 
 
Figure 1. Dendrogram obtained using the Ward’s linkage method on Euclidean 

distances among the 22 low-impacted reservoirs in Norte (N), Douro (D) and Júcar (J) 

river basins, using 12 fish species as descriptors (i.e. Alburnus alburnus, Barbus 

bocagei, Barbus comizo, Barbus guiraonis,  Chondrostoma duriense, Cyprinus carpio, 

Gobio lozanoi, Lepomis gibbosus, Micropterus salmoides, Salmo trutta, Squalius 

pyrenaicus and Squalius carolitertii) 

 
Overall there was considerable variation in fish assemblages among the 88 reservoirs 

sampled in the North, Douro and Júcar basins (Table 2). Assemblages in the Northern 

basin were dominated by Chondrostoma duriense, which accounted for 60% of the total 

captures. The native Squalius carolitertii was also numerous (22%), but the remaining 

12 species were little abundant, namely Chondrostoma miegii (3%), Tinca tinca (0,4%), 

Oncorhynchus mykiss (0,1%) and Anguilla anguilla (0,1%), the species restricted to this 

region. In Douro, assemblages mainly included Lepomis gibbosus (38%), Squalius 
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carolitertii (25%), Barbus bocagei (13%) and Chondrostoma duriense (12%). The only 

species restricted to this region was Chondrostoma arcasii (2%). In the Júcar, 

assemblages were more diverse, with the native Barbus guiraonis and the exotics 

Alburnus alburnus, Lepomis gibbosus, Cyprinus carpio, accounting for 11%, 27%, 22% 

and 11% of the total catches. Overall 15 species were captured, 7 of which restricted to 

this region. 

 
Ecoregions Species 

North Douro Jucar 
Alburnus alburnus 0.00 0.88 26.52 
Anguilla anguilla 0.09 0.00 0.00 
Barbus bocagei 1.03 13.20 0.00 
Barbus comizo 0.00 0.00 0.35 
Barbus guiraonis 0.00 0.00 11.59 
Carassius auratus 0.31 1.55 0.69 
Chondrostoma arcasii 0.00 1.73 0.00 
Chondrostoma duriense 60.48 11.55 0.00 
Chondrostoma miegii 3.44 0.00 0.00 
Chondrostoma polylepis 0.00 0.00 6.24 
Chondrostoma turiense 0.00 0.00 7.57 
Cyprinus carpio 1.92 5.39 11.99 
Esox lucius 0.00 0.00 0.02 
Gobio lozanoi 1.74 2.08 0.02 
Lepomis gibbosus 1.70 37.60 22.03 
Micropterus salmoides 1.07 0.37 1.49 
Oncorhynchus mykiss 0.09 0.00 0.00 
Salmo trutta 5.41 0.26 0.13 
Sander lucioperca 0.04 0.05 0.17 
Squalius alburnoides 0.00 0.00 8.14 
Squalius carolitertii 22.31 25.34 0.00 
Squalius pyrenaicus 0.00 0.00 3.04 
Tinca tinca 0.36 0.00 0.00 

Number of reservoirs 42 30 16 

 
Table 2. Composition of the fish assemblages in reservoirs sampled in the Norte, Douro 

and Júcar river basins. Numbers are total catches per unit effort (CPUE) for each 

species. 

 

3.2. Low-impacted reservoirs 

The number of low-impacted reservoirs within each eco-region was very distinct, 

ranging between 16.7% of total reservoirs in the Douro to 56.2% in the Júcar (Table 3). 
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Indeed, Northern reservoirs showed the lowest integrated chlorophyll a, ammonium and 

the highest turbidity and oxygen content. Conversely, reservoirs in the Douro region 

were the most recent but also the most eutrophic. Reservoirs in the Júcar were older and 

showed low oxygen and turbidity but high ammonium content.  

 
Degradation variables Norte Douro Jucar 

44.12 ± 13.82 42.7 ± 21.98 47 ± 24.71 
Reservoir age (years) 

(13 - 85) (8 - 104) (11 - 94) 

3.18 ± 2.10 2.529 ± 2.01 2.1 ± 1.22 
Turbidity  (m) 

(0.3 - 10) (0.01 - 8.6) (0.2 - 4.6) 

3.25 ± 3.79 2.02 ± 3.01 1.43 ± 2.60 
Oxygen above the sediment (O2 mg/L) 

(0 - 16) (0 - 8.8) (0 - 7.6) 

0.52 ± 0.73 0.54 ± 0.64 3.58 ± 6.35 
Ammonium above the sediment (NH4 mg/L) 

(0 - 3.4) (0.03 - 3) (0 - 24) 

12.43 ± 16.39 198.42 ± 1001.65 15.19 ± 25.75 
Integrated Chlorophyll a  (mg-clo/m3) 

(0.63 - 91.27) (0.70 - 5500) (0.38 - 91.96) 
    

Number of low impacted reservoirs 8.00 5.00 9.00 
    

Total number of reservoirs 42.00 30.00 16.00 
 
Table 3. Characteristics of reservoirs in the Norte, Douro and Júcar river basins.  
 

3.2. Metric selection and performance 

In total 13 candidate metrics were selected (Table 4). The three eco-region shared the 

metrics Density of tolerant species (Ni_TOLE) and density of phytophilic species 

(Ni_PHYT); the metrics number of limnophilic species (Ns_LIMN) and proportion of 

reophilic species (%Ns_RHEO ) were common to the Douro and North ecoregions, and 

the metric density of Cyprinus carpio (Ni_CARP) was common for the Douro and 

Júcar. 

Selected metrics were responsive to turbidity and integrated chlorophyll a only (Table 

4). For the Northern region 5 metrics were significantly correlated with turbidity but 

just one was associated with integrated chlorophyll a. The Douro showed the largest 
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number of responsive metrics (N=9), all of which were significantly correlated with 

both turbidity and integrated chlorophyll a. In the Júcar, 3 metrics were simultaneously 

responsive to both these variables and 3 other metrics were correlated with turbidity.  

 

Ecoregion Metrics Reservoir age 
(years) 

Turbidity 
(m) 

Oxygen 
above 

sediment  (O2 
mg/L) 

Ammonium 
above sediment 

(NH4 mg/L) 

Integrated Chl a 
(mg-clo/m3) 

North Ns_LIMN 0.15 -0.61 0.13 -0.03 0.33 
n=42 %Ns_RHEO -0.08 0.64 -0.03 -0.03 -0.32 
 Ni_PHYT 0.09 -0.57 0.27 0.04 0.41 
 %Ns_LITO -0.19 0.66 -0.18 -0.06 -0.56 
 Ni_TOLE 0.00 -0.57 0.24 0.00 0.43 
       

Douro Ns_EXOT 0.39 -0.57 -0.28 0.26 0.72 
n=30 %Ns_RHEO -0.31 0.50 0.02 -0.09 -0.57 
 Ns_LIMN 0.33 -0.60 -0.27 0.28 0.73 
 Ns_BENT 0.09 -0.73 0.02 0.11 0.63 
 Ni_EURY 0.16 -0.64 -0.09 0.10 0.58 
 Ni_PHYT 0.10 -0.57 0.14 0.10 0.50 
 Ni_TOLE 0.10 -0.57 0.14 0.10 0.50 
 Ni_LONG 0.03 -0.60 -0.08 0.12 0.52 
 Ni_ CARP 0.10 -0.57 0.14 0.10 0.50 
       

Jucar Ni_LIMN -0.06 -0.57 -0.28 0.30 0.45 
n=16 Ni_OMNI -0.06 -0.64 0.06 0.15 0.55 
 Ni_BENT 0.11 -0.67 0.07 -0.01 0.48 
 Ni_PHYT 0.11 -0.67 0.07 -0.01 0.48 
 Ni_TOLE -0.05 -0.65 -0.03 0.19 0.52 
 Ni_CARP 0.02 -0.71 0.20 0.03 0.64 

 
Table 4. Spearman correlations between selected metrics and abiotic variables used to 

describe water quality in reservoirs of Norte, Douro and Jucar river basins. Significant 

correlations (>|0,50|) are marked in bold. Codes for metrics are in Table 2 

 
No significant variation was found in any metric and ecoregion between low-impacted 

and impacted reservoirs (Norte: U> 98, p>0,2; Douro: U>43, p>0,2; Júcar: U>17, 

p>0,06). Nevertheless, box-plots diagrams highlight some interesting contrasts in the 

Júcar that are consistent with expected patterns (Figure 2). Specifically, Cyprinus 

carpio, limnophilic, omnivorous, benthic and phytophilic species were less represented 

in low-impacted than impacted reservoirs. Perceived variations in the remaining eco-

regions were less clear, and lake apparently ecological sense.  
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Figure 2. Box-and-Whisker plots of selected metrics for low impacted sites (left on 

each graphic) and impacted sites (right on each graphic). (a) North river basin; (b) 

Douro river basin; (c) Júcar river basin. Box plots show medians and quartiles, whiskers 

the 95th percentiles, points indicate outlier values. 
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4. Discussion 

4.1. Fish-based classification 

Although abiotic typologies are a useful tool in the management of water bodies, WFD 

further demands the establishment of reference conditions within specific eco-types of 

water bodies with ecological meaning (Logan & Furse, 2002). The eco-regions 

established in the WFD directive discriminate large regions based on Illies (1978) 

macroinvertebrates distribution, but other geographic and geo-political factors may need 

to be considered to establish more adequate ecological regions for management 

purposes (Logan & Furse, 2002). 

Spain is mostly included in the Iberic-Macaronesian region (ecoregion nº1), however it 

was already suggested that this ecoregion is too heterogeneous and should be divided to 

better discriminate of contrasting environmental contexts (Hughes, 2005). River basins 

have been widely considered as ecological differentiated units, with boundaries that 

depend on topography of the region and surrounding mountains that limit the path of 

river course and consequently the biological communities of adjacent river basins 

(Omernik. & Bailey, 1997). Within each river basin species are isolated and may 

undergo distinct selection processes trough the years, explaining the differences of fish 

communities among neighbour river basins (Ferreira et al., 2007a). This was also de 

case in the present study, with fish assemblages in reservoirs being highly differentiated 

among the Northern, Douro and Júcar river basins. This was largely consistent with the 

general distribution patterns of several endemic species, namely of Chondrostoma 

turiensis that restricts to the Júcar, Chondrostoma miegii in Northern river basins and 

the co-dominance of Barbus bocagei in Douro region (Doadrio, 2002). Moreover, 

current results are on line with previous evidence suggesting that 9 stream fish-types 

may be found in the Iberian Peninsula (Ferreira et al. 2007a). Differences in the number 
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of eco-types found between reservoirs and streams, may reflect the different scales of 

each study but also the ecological peculiarity of fish in heavily modified conditions. For 

instance, introduction of exotic species to promote recreational fisheries is common in 

reservoirs throughout the Iberian Peninsula (i.e. Almaça, 1995; Elvira, 1998; Marta, 

Bochechas & Collares-Pereira, 2001; Clavero & García-Berthou, 2006, Filipe et al., in 

press), contributing to increased homogenisation of fish faunas (Clavero & García-

Berthou, 2006; Rahel, 2002). 

Taken together the results of our study suggest that frameworks based on river basins, 

defined as large watershed topographic areas where surface water runoff drains to a 

stream, reservoirs, lakes or to the sea (Omernik & Bailey, 1997), may be considered 

good eco-regions for fish fauna in Spanish reservoirs. Several advantages may be 

pointed out: (i) in river basins, upstream-downstream gradients may be easily assessed 

trough the river continuum concept for biota distribution (Vannote, Minshall, Cummins, 

Sedell & Cushing, 1980; Irz, Laurent, Messad, Pronier & Argillier, 2002); (ii) using the 

same conceptual base, pollution sources are traceable trough the runoff reaching a 

particular zone (iii) river basins are crucial in reservoir management and dynamics, 

because water entering a particular reservoir is contingent on upstream reservoirs or 

runoffs, and a complex network of inputs and output of water is found among reservoirs 

within river basins; (iv) river basins approach the main management unit of WFD – the 

River basin Districts. 

 

4.2. Metric selection and performance 

Application of metrics commonly used in Indices of Biotic Integrity (IBI) approaches 

aiming at assessing the ecological status of streams worldwide to Spanish reservoirs 

produced weak results. Indeed, among 100 candidate metrics only 13 were found to be 
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responsive to gradients of water quality and human perturbation, and none of these 

showed significant variation among low-impacted and impacted reservoirs within any 

eco-region. 

The most adequate metrics were based in fish numbers (CPUE) or relative abundance 

(% CPUE), with metrics based on total number of species or percentage of species 

being generally eliminated in the screening process. This is probably due to the reduced 

pool of species in the Spanish fish fauna, with low numbers of species per site but high 

variability in assemblage composition among basins (Doadrio, 1988) and due to the 

biotic homogenisation that occurs in reservoirs (Rahel 2002; Carol et al., 2006). Prior 

applications of the IBI approach  in Mediterranean regions, have also faced similar 

limitations (Ferreira, Cortes, Godinho & Oliveira, 1996; Oliveira & Ferreira, 2002), 

with abundance-based metrics being also the most responsive to human pressure in 

Iberian (Ferreira et al., 2007b).  

Two metrics in the selected set of metrics have been previously considered in the 

European Fish Index (Pont et al,. 2007), density of omnivorous species and density of 

phytophilous species.  The remaining metrics have been little used before, and differ 

considerably for other commonly retained for streams. These results are consistent with 

previous evidence indicating that metrics specifically adapted to reflect the conditions 

of the systems in evaluation may perform better than more general ones (Oberdorff et 

al., 2002; Hughes & Oberdorff, 1999; Carol et al. 2006).  

Indeed, intermediate character between rivers and lakes (Irz et al. 2006) is strongly 

reflected on their morphology, hydrology (Gelwick & Matthews, 1990; Kimmel, Lind 

& Paulson, 1990; Ryder, 1978), nutrient and organic matter supply (Kimmel et al., 

1990), with reservoirs typically show lowing residence time and high organic, 

particulate and nutrient input loads, irregularly level fluctuations and water movements 
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(Irz et al., 2002). Moreover, reservoirs are similar to lakes in species occurrence and 

species commonness and rarity, but assemblages may be similar in structure to those in 

both lakes and rivers (Irz et al., 2006). All these factors, are likely to restraint fish 

assemblages in reservoirs and their response to degradation of water quality (turbidity, 

anoxia in the sediments) and eutrophication (Carol et al., 2006). Therefore, additional 

focus on reservoir limnology and improved abiotic typologies would be useful in metric 

development and screening, to highlight the influence of hydro-morphological factors 

on structuring fish assemblages.  

Density of phytophilous species was apparently the stronger metric in the set, being 

selected in all rivers basins. Density of tolerant species also presented some generality, 

being applicable to different basins, but the remaining metrics were highly basin 

specific. The latter probably reflected both intrinsic abiotic characteristics of each 

reservoir and large-scale geographic and climatic gradients determining the distribution 

and pool of available species. Moreover, density of potadromous species and density of 

benthic species showed positive responses to environmental degradation. This contrast 

with the expected tendency for potadromos species to migrate upstream, and showing 

decreasing populations in reservoirs with low ecological status and benthic species to 

decrease with loss of habitat and low benthic invertebrate supply associated with 

limitation in shallow littoral areas (Irz et al., 2002).  This unexpected pattern may be 

related to the particular traits of the Spanish fauna, with native species presenting life 

traits to cope with harsh environmental conditions similar conditions to those usually 

associated with environmental degradation, and thus creating problems in metric 

screening (Moyle & Marchetti, 1999; Ferreira et al., 2007a). The responsiveness of 

benthic species metric in the Douro and Jucar basins may be associated with loss of 

water volume in reservoirs in summer enhancing littoral area, and thus the feeding 
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habitat for these species, whereas pelagic species are unlikely to be favoured by algal 

development and seasonal stratification. Moreover, potadromous species in the Jucar 

may show a tendency for migrating downstream to avoid retention in areas that dry up, 

with reservoirs connected or close to the stream probably function as good dry-season 

refugia in Mediterranean climates.  

Nevertheless, it should also be stressed out that differences in metric responsiveness and 

efficacy among river basins may also reflect, at least to some extent, to methodological 

shortcomings. There was considerable among region variation in the number of 

reservoirs considered for analysis, with more consistent results being obtained in the 

Jucar, were the largest sample was available. Probably, increasing sample sizes and 

better contrast and definition of low-impacted and highly impacted reservoirs will 

significantly contribute to improve metric selection. Indeed, further studies should give 

particular focus to degradation variables used for testing the responsiveness of the 

metrics. Herein, mostly variables reflecting eutrophication phenomena were used, 

though other factors related to water level fluctuations and nutrient input may also 

strongly influence reservoir function and dynamics. Specifically, nutrient inputs are 

likely to influence the occurrence of algal blooms, whereas water level fluctuations are 

determinant in habitat availability, ecosystem stability, and benthic invertebrate and 

macrophyte abundance and composition (Irz et al., 2002). The absent aquatic vegetation 

as shelter for juveniles or spawning habitats for adults, was largely neglected in the 

present study, and may have at least partially influence its output (see Billard, 1997, Irz 

et al., 2002). 

The establishment of reference conditions was also contingent on available information, 

and needs to be further improved. The WFD mandates that reference sites should be 

identified based on surveys of anthropogenic pressure factors and their impacts on the 
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water body, hydromorphological, chemical and physico-chemical parameters (Buraschi 

et al). Although, the establishment reference conditions is often problematic due to 

information limitation and the high natural variability of most aquatic systems, this task 

gains further difficulty in heavily modified water bodies, such as reservoirs (Irz et al. 

2006). In the current study, reference conditions were not specifically assessed, and low 

impacted reservoirs were defined based in previously available information (i.e. 

Demarcación hidrográfica del Júcar, Douro, Norte I,II y III, 2005). Although this were 

probably adequate in describing specific pressures or impacts mostly related to land 

uses their real effects were not determined and other human factors as water outputs; 

affecting the reservoir environmental quality were neglected, probably influencing 

metric assessment and eco-region definition. 

Exotic species are generally considered a good indicator of habitat alteration and flow 

alteration, and have been extensively used in ecological assessment of streams (Pont et 

al., 2006). In Spain and other Mediterranean regions, where exotic species tend to be 

widespread and successfully established (Elvira, 1995; Filipe et al., in press) metrics 

based on their abundance can be used as a powerful tool to assess disruption of nutrient 

cycles, changes in fish community composition and human impact in shore 

development (Jeppesen, Jensen, Soendergaard, Lauridsen & Landkildehus, 2000; 

Jackson, Peres-Neto & Olden, 2001; Post, Sullivan, Cox, Lester, Walters et al., 2002; 

Moore, Schindler, Scheuerell, Smith & Frodge, 2003). For Spanish reservoirs, Cyprinus 

carpio abundance was considered a good indicator of the trophic state of the reservoirs 

also associated to total phosphorous concentration (Carol et al., 2006). However, 

metrics based on the abundance of a specific species have always, application constrains 

related to that specie distribution; the use of species-based metrics need, therefore, 

further refinement specifically targeted at reservoirs fish communities.  
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Taken together, results of the present study highlight some important shortcomings in 

the application of traditional fish-based assessment approaches in evaluating the 

ecological potential of Spanish reservoirs. However, given the importance of this water 

bodies in the country and in other Mediterranean regions this issue deserves increased 

interest. Although, preliminary in nature, the present study already provides important 

insights into major limitations that must be addressed in further studies. Specifically 

advance in reservoir bioassessment may largely depend on: i) increased focus on 

abundance-based rather than species-based metrics; ii) better knowledge of species life-

histories and habitat requirements, making ecological assignment guilds more accurate; 

iii) improved definition of reference conditions, with prevalence in descriptors of 

reservoir dynamics and focused in general human use and respective effects; iv) 

increased sample sizes, including highly contrasting low-impacted and heavily impacted 

reservoirs, and v) more deep analysis of eco-regions, specifically considering both fish 

assemblages and abiotic descriptors of reservoir dynamics and function. Indeed, it is 

clear that further applications should paid particular attention to the traits of both the 

biota and reservoirs, and that particularities of each river basin, and climatic region 

should be carefully interpreted and taken into account in the definition of reservoir 

ecological potential. 
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GENERAL DISCUSSION 

 
The European Water Framework Directive (WFD) was adopted in December 2000 to 

protect and improve the quality of all surface water resources in Europe (EU 2000). To 

achieve this goal, the WFD provides a set of methodological measures to safeguard 

European water resources and mandates the application of reference approaches and use 

of bioassement tools, based on four biotic elements, including fish.  

Reservoirs are widespread in Iberian countries and particularly in Spain (Gasith & Resh, 

1999; Riera, Jaume, De Manuel, Morgui. & Armengol, 1992), where they should 

constitute one the primary targets for ecological assessment and improvement according 

to the WFD requirements. However, due to their highly impacted nature and 

anthropogenic use, the ecology and dynamics of reservoirs remains largely unknown. 

This general ignorance of the reservoir ecological complexity is also evident in the 

WFD procedures for assessing heavily modified water bodies (EU, 2000). Nevertheless, 

attempts of ordination of these water bodies for ecological assessment must be made in 

parallel to the typology of water bodies describe in the WFD, which should have 

biological significance for allowing posterior ecological status determination based on 

proper reference conditions (Logan & Furse, 2002).  

Framed in this context, the present work aimed at establishing a methodological 

approach to determine the ecological potential of Spanish reservoirs based on 

ictiofauna. In developing this approach, recent scientific developments in bioassement 

tools specifically derived to implement the European Directive were considered. 

Overall, usual procedures were found to be little effective, stressing the need for 
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alternative approaches specifically targeted at and designed for heavily modified water 

bodies.   

An abiotic typology scheme was created to describe the diversity of limnological 

conditions found in reservoirs across Spain, using altitude, catchment area, volume and 

geology as main descriptors of the structure and functioning of reservoirs. However, the 

high variability in water output and instability of climatic conditions found across 

Spanish reservoirs imposes that none reservoir typology should be considered as fixed 

or inalterable. Most of all, intra and inter annual variability in reservoirs individual 

characteristics should be carefully analyzed further to facilitate their accurate ecological 

assessment.  

Accounting for ecological components in abiotic typologies is considered essential to 

highlight at least partially those reservoir characteristics that, trough time, have 

influenced the biological communities (Kolada, Soszka, Cydzik & Gołub, 2005) This 

issue was specifically, addressed and ecological regions sharing similar pools of species 

and climatic conditions were identified, using only low-impacted reservoirs established 

in the WFD article 5 and 6 reports of river basin districts to the European Commission 

(Demarcación hidrográfica del Júcar, Douro, Norte I, II y III, 2005).  Major river basins 

may now be regarded as the main descriptors of fish diversity and should constitute an 

adequate substitute of the Iberic-Macaronesian ecoregion indicated in the WFD (EU, 

2000). Indeed, considering river basins as ecoregions and further improving abiotic 

classification may be crucial steps in advancing a general typology for Spanish 

reservoirs.  

Assessment of fish communities are commonly approached using the multimetric 

biological integrity framework of biological integrity, introduced by Karr, Fausch, 

Angermeier, Yant & Schosser. (1986). Evaluations are based on several metrics, 
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describing the functional structure of the biota and derived for different guilds of 

species using similar resources (Root, 1967; Noble, Cowx, Goffaux & Kestemont, 

2007). Herein, testing of a set of 64 candidate metrics within each eco-region and 

reservoir type produced controversial results. First, species-based metrics were 

generally less adequate than abundance-based ones, consistent with previous patterns 

derived for Iberian streams (Ferreira, Caiola, Casals, Oliveira & De Sostoa, 2007). 

Overall 13 metrics were selected based on responsiveness to water quality changes and 

human perturbation. However, selected metrics were generally basin specific, and 

mostly reflected variation in eutrophication extent. Thus, other parameters should be 

further used in metric screening, namely, water level fluctuation (Irz, Laurent, Messad, 

Pronier & Argillier, 2002) and residence time reflecting reservoir hydrologic dynamics 

and nutrients contents and other specific pollutants (Carol, Benejam, Alcaraz, Vila-

Gispert, Zamora, Navarro, Armengol & García-Berthou, 2006). Moreover, selected 

metrics were not effective in discriminating low-impacted and impacted reservoirs, 

stressing the need for more adequate definition of reference conditions, based on terrain 

surveys of human uses and impacts. Indeed, current evidence suggests that better 

definition of boundaries for ecological assessment, will require reference conditions to 

be carefully established based on hydrologic stability, absence of pollution and correct 

reservoir management. Finally,  

Although many ecological and limnological aspects of Spanish reservoirs remain 

unclear, and consequences of anthropogenic uses of the retained water on biological 

communities need further studied some important insights on the implementation of 

WFD were gained. Several methodological approaches were tested stressing the 

importance of analyzing local abiotic characteristics and species-specific biological 

traits for ecological assessment. In particular, it is clear that additional steps should be 
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taken in further developing of multimetric fish-based indices for Spanish reservoirs. 

First, reservoir abiotic typologies should be incorporated into metric screening and 

evaluation procedures, to facilitate metric interpretation and clarity. Second, the 

evaluation of reservoirs ecological potential may ultimately require basin-specific 

scoring of the final metrics and overall index. 

Fish assemblages in the Iberian Peninsula possess several characteristics that make 

selection of the best set of metrics of each ecoregion particularly challenging. 

Specifically, in Mediterranean regions with highly instable hydrologic regimes, species 

tend mostly to be short living, and highly generalist and opportunist in both feeding and 

habitat use and upstream-downstream migrations (Magalhães, Ramalho & Collares-

Pereira, in press; Magoulick & Kobza, 2003, Pires, Cowx, & Coelho, 2001; Velasco, 

Rincon & Lobón-Cerviá, 1990; Ferreira et al. 2007). These strategies difficult the 

interpretation of metric response to environmental degradation relative to natural 

variability and make the identification of both local and regional factors influencing 

species distribution particularly important. These issues should, therefore, be prioritized 

in further studies to advance ecological knowledge of both species and water bodies, 

and facilitated the development of accurate tools for their assessment.    

The final result of these methodological approach was a set of metrics adapted to 

particular ecoregions and responsive to eutrophication. Posterior integration of the 

reservoir abiotic types should be made and at the light of the abiotic characteristics and 

limnological traits of reservoirs, metrics response should be further interpreted. The 

evaluation of reservoirs ecological potential would be ultimately made trough the 

attribution of scores to the retained metrics for each reservoir-type and trough the 

construction of a multimetric index for ictiofauna of Spanish reservoirs. 
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During the development of the present work, several problems were encountered. Many 

ecological and limnological aspects remain unclear and the consequences of 

anthropogenic uses of the retained water in the biological communities need to be 

further studied. Although several methodological solutions were presented to the 

determination of Spanish reservoirs ecological potential, these systems complexity 

enhance the importance of, in any ecological assessment, analyze carefully the local 

characteristics and the traits of the biological communities that harbors. 

Posterior integration of the reservoir abiotic types should be made and at the light of the 

abiotic characteristics and limnological traits of reservoirs, metrics response should be 

further interpreted. The evaluation of reservoirs ecological potential would be ultimately 

made trough the attribution of scores to the retained metrics for each reservoir-type and 

trough the construction of a multimetric index for ictiofauna of Spanish reservoirs. 

For each ecoregion and within each reservoir-type the responsiveness of metric should 

be evaluated trough their responses to several degradation factors (Ferreira et al., 2007). 

In this work, the environmental quality was mainly determined with variables related to 

eutrophication process, however other parameters should be further use in testing 

metrics responsiveness. Among these are water level fluctuation (Irz et. al., 2002) and 

residence time, these parameters are related with reservoir hydrologic dynamics and 

were not included in the abiotic typology because they as consequent of reservoirs uses 

by human population . In addition the presence of nutrient and other specific pollutants 

(Carol et al., 2006) should be measure and used in metrics analysis. Another particular 

aspect, relating the life-history characteristics of Spanish ictiofauna, increased the 

problematic issue of encountering the best set of metrics of each ecoregion. The regions 

with highly instable hydrologic regime have condition the fish species to evolve in the 

sent of creating particular adaptive strategies which allow them to persist in both 
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drought season and in the torrential rain periods. These species have normally shorter 

lifespan and food chains, high fecundity and generalist and opportunist feeding 

strategies (Pires et al., 2001; Velasco et al, 1990; Ferreira et al. 2007) and upstream-

downstream migrations (Magalhães et al., in press; Magoulick & Kobza, 2003) This 

strategies difficult the interpretation of metrics response to environmental degradation 

and a detailed analysis should be made of both local and regional factors acting on 

species distribution.  

During the development of the present work, several problems were encountered. Many 

ecological and limnological aspects remain unclear and the consequences of 

anthropogenic uses of the retained water in the biological communities need to be 

further studied. Although several methodological solutions were presented to the 

determination of Spanish reservoirs ecological potential, these systems complexity 

enhance the importance of, in any ecological assessment, analyze carefully the local 

characteristics and the traits of the biological communities that harbors. 
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