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Resumo 

 

 

As alterações ambientais que afectam os sistemas ribeirinhos têm vindo a aumentar, 

desde os efeitos provocados pela descarga de efluentes domésticos, até às alterações 

climáticas, passando pelas modificações decorrentes de invasões de espécies exóticas e da 

intensa utilização humana dos rios e ribeiros e das suas áreas de drenagem. Em Portugal, e de 

um modo geral em todo o Mundo, a capacidade humana para preservar, reabilitar e gerir os 

sistemas aquáticos está parcialmente limitada pela falta de interesse/conhecimento público e 

consequente fraca vontade politica, mas também pelo inadequado e/ou incompleto 

conhecimento científico de base sobre estes sistemas. A obtenção de informação científica 

sobre a biodiversidade dulciaquícola em condições naturais (não alteradas pelo Homem) e a 

sua subsequente disponibilização permitirão, entre outros aspectos, avaliar: 

1] O tipo e nível de impacte que as actividades humanas têm sobre os sistemas ribeirinhos. 

A aprovação da Directiva Quadro da Água (DQA) em 2000, que estabelece um quadro de 

acção comunitária no domínio da política da água, representou um marco importante [a] ao 

introduzir os conceitos de estado ecológico e monitorização biológica na legislação europeia, 

definindo a fauna piscícola, os invertebrados bentónicos e a flora aquática como elementos de 

qualidade para a avaliação do estado ecológico dos rios Portugueses e [b] ao legalmente 

estabelecer que a biomonitorização deveria ser expressa em rácios de qualidade ecológica, 

sendo que estes representarão a relação entre os valores dos parâmetros biológicos 

observados para uma dada massa de águas de superfície e os valores desses parâmetros nas 

condições de referência aplicáveis a essa mesma massa de água. A actividade humana 

degrada a integridade biológica modificando, destruindo ou contaminando os elementos que 

suportam e mantêm as comunidades bióticas e consequentemente causando o seu desvio em 

relação ao estado natural. Torna-se essencial distinguir perturbações humanas de variações 

naturais. 

2] O modo como as comunidades ribeirinhas serão potencialmente modificadas pelas 

alterações climáticas. Em sistemas intensamente intervencionados pelo Homem, os efeitos 

directos das alterações climáticas podem ser tamponados ou completamente confundidos com 

outros impactos, tornando-se impossível a sua detecção. Contrariamente, em sistema lóticos 

naturais os efeitos das alterações climáticas são passíveis de serem identificados. 

3] A biodiversidade de sistemas aquáticos pouco estudados. A inexistência de listas 

faunísticas para muitos sistemas lóticos dificulta a monitorização e o sucesso da reabilitação 
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estrutural e funcional dos rios e a previsão do impacto das alterações climáticas nos sistemas 

lóticos. 

Tendo em conta este cenário, o presente estudo teve como principal objectivo melhorar 

o conhecimento sobre a ecologia e taxonomia das comunidades de macroinvertebrados em 

condições não perturbadas, incidindo particularmente na sua variação espacial e temporal, não 

apenas devido ao seu interesse intrínseco, mas especialmente porque permite o 

desenvolvimento, melhoramento e validação de ferramentas para a avaliação do estado 

ecológico de rios.  

A presente tese encontra-se organizada em 6 capítulos, quatro dos quais incluem cinco 

artigos científicos publicados ou submetidos em revistas científicas internacionais, precedidos 

de uma introdução geral. As considerações finais são apresentadas no último capítulo. 

O Capítulo 1, introdução geral, sumarisa as principais pressões humanas e a evolução 

dos métodos de monitorização dos sistemas lóticos, a importância do estudo destes sistemas 

em condições naturais, e a necessidade de simplificar a informação biológica e abiótica dos 

rios recorrendo a tipologias. Neste capítulo é ainda efectuado um breve enquadramento legal 

da avaliação de qualidade dos rios e ribeiros focado na DQA e destacando a avaliação 

ambiental por comparação com condições de referência (reference condition approach). Num 

sub-capítulo, referem-se as funções e variações espaciais e temporais das comunidades de 

macroinvertebrados nos sistemas lóticos, identificam-se as características que as tornam boas 

indicadoras de qualidade ambiental e elabora-se ainda uma revisão sumária dos principais 

métodos de avaliação de qualidade utizando os invertebrados. Este capítulo inclui uma breve 

descrição da Bacia Hidrográfica do Mondego (BHM), como área de estudo da presente tese. 

Finalmente, são apresentados os objectivos gerais e específicos sob a forma de questões. 

No Capítulo 2, são identificados os gradientes ambientais que estruturam espacial e 

temporalmente as comunidades não perturbadas de macroinvertebrados da BHM. Neste 

capítulo são listadas as famílias de macroinvertebrados encontradas nestes troços de rio com 

mínimas perturbações humanas e é discutida a contribuição regional ou local das variáveis 

ambientais na estruturação destas comunidades. Esta análise tem como base um conjunto de 

dados recolhidos em 18 locais da BHM durante 3 sessões de amostragem (ao longo de um 

ano), de forma a cobrir possíveis variações sazonais. Quatro destes locais estão posicionados 

em tributários principais do Rio Mondego e os restantes em rios e ribeiros geograficamente 

dispersos pela BHM, a altitudes e regiões geológicas diversas, e onde foram medidos cerca de 

30 parâmetros ambientais por campanha.  

Apesar dos locais amostrados cobrirem muita da variabilidade natural da área de 

interesse e de ter sido feito um esforço para se seleccionarem rios e ribeiros permanentes e 

temporários nesta fase inicial do trabalho, os primeiros sistemas claramente excederam os 
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segundos. Como o padrão estrutural das comunidades de macroinvertebrados se aproximava 

mais dos padrões evidenciados pelas comunidades de macroinvertebrados claramente 

mediterrânicas do que dos encontrados em rios temperados do Norte de Portugal, foi feito um 

esforço no sentido de se alargar a rede de amostragem para incluir maior número de troços 

temporários não perturbados e consequentemente tornar a amostragem representativa de um 

sistema mediterrâneo. Simultaneamente, foi definido um conjunto de critérios indicadores de 

pressão humana para garantir a relativa naturalidade dos troços escolhidos. No Capítulo 3, 

descreve-se o procedimento anteriormente referido. Este protocolo para identificação de troços 

relativamente não perturbados permitiu a consequente identificação dos principais factores a 

afectarem as comunidades de macroinvertebrados potencialmente não perturbadas e a 

comparação quantitativa e qualitativa dos locais seleccionados como relativamente não 

perturbados, ao usarem-se critérios definidos a priori (físicos/sociais/biológicos) para indicação 

de pressão humana versus uma investigação detalhada no campo sobre a comunidade de 

macroinvertebrados, a vegetação ripícola, as características dos habitats ribeirinhos e a 

medição de variáveis químicas da água. 

Depois de investigadas quais as variáveis ambientais que estruturam as comunidades 

de macroinvertebrados da BHM (Capítulo 2) e de se ter um número suficiente de locais 

relativamente não perturbados representativos de alguns tipos de rios e ribeiros (6 tipos) 

existentes na BHM (Capítulo 3), foi então possível testar se a tipologia física nacional dos 

sistemas lóticos fragmentava correctamente a variabilidade natural das comunidades de 

macroinvertebrados, i.e. se os tipos de rios definidos com base no sistema B da DQA eram 

biologicamente relevantes. Uma tipologia errada conduz a erros de monitorização e 

consequentes erros na qualidade avaliada do sistema, já que a variabilidade natural pode ser 

tomada como degradação humana ou o contrário. Este tema foi estudado no Capítulo 4, 

tendo-se usado locais relativamente não perturbados, mas não locais de referência sensu 

DQA, já que a comunidade de macroinvertebrados foi a única testada.  

No Capítulo 5, que compreende dois artigos, foram descritas a composição e estrutura 

da comunidade de macroinvertebrados e analisadas as variações espacio-temporais da 

mesma em sistemas lóticos intermitentes pertencentes à BHM, localizados na Serra da Estrela 

a elevada altitude (1400 m acima do nível do mar), e incluindo-se, por isso, num tipo de rio 

muito pouco frequente em Portugal Continental. Estes ribeiros estão sujeitos a baixa pressão 

humana, já que são abrangidos pelo Parque Natural da Serra da Estrela. Os invertebrados 

foram identificados ao nível taxonómico do género/espécie, com especial relevo para a Família 

Chironomidae. Foi ainda efectuado um estudo comparativo entre três níveis taxonómicos 

(ordem, família e género) para investigar a influência destes nos resultados. São indicadas 

breves previsões sobre alterações na biodiversidade dos macroinvertebrados destes sistemas 

com base num potencial cenário de alterações climáticas para alta montanha, já que os ribeiros 

 vii



Resumo  

intermitentes de alta montanha estão entre os sistemas mais vulneráveis às alterações 

climáticas na Europa.  

O Capítulo 6 integra os resultados obtidos nos diferentes artigos através de um 

conjunto de considerações finais e apresenta as principais conclusões da tese, resumidas 

seguidamente: [1] As comunidades de macroinvertebrados relativamente não perturbadas da 

BHM variam espacial e temporalmente, sendo reguladas por uma multiplicidade de factores 

que operam localmente [granulometria do substrato e condições hidráulicas (corrente e 

oxigénio dissolvido)] e em escalas espaciais mais abrangentes [geologia do leito do rio (inferida 

pela condutividade), altitude e largura do canal]; [2] A variação sazonal destas comunidades 

apresenta um padrão estrutural mais próximo dos padrões evidenciados pelas comunidades de 

macroinvertebrados claramente mediterrânicas do que dos encontrados em rios temperados do 

Norte de Portugal, onde a sazonalidade não é tão evidente; [3] Para fins de monitorização, a 

Primavera tardia (ou inicio do Verão) foi identificada como a melhor ocasião de amostragem, no 

caso de uma amostragem única. Idealmente, a amostragem deveria ser realizada em todas as 

épocas do ano (e mais do que uma vez em cada época), devido à forte variação sazonal das 

comunidades de macroinvertebrados da BHM; [4] Critérios pré-definidos de pressão humana e 

medições no campo de parâmetros abióticos e bióticos identificaram diferentes troços de rio 

como relativamente naturais e devem, por isso, ser usados em simultâneo; [5] Os tipos físicos 

de rios e ribeiros existentes na BHM (que haviam sido definidos com base no sistema B da 

DQA) são biologicamente relevantes. No entanto, a heterogeneidade espacial e temporal das 

condições abióticas pode dificultar a biomonitorização, já que as variações temporais e a 

intermitência dos sistemas parecem não estar integradas na tipologia; [6] É esperada uma 

perda de biodiversidade das comunidades de macroinvertebrados nos rios intermitentes de 

elevada altitude (Serra da Estrela), de acordo com as previsões de alterações climáticas para 

alta montanha. 
Salienta-se ainda que com este trabalho: [7] Foi desenvolvido e testado um protocolo 

para identificação de troços de rios e ribeiros relativamente não perturbados; [8] Foram obtidos 

os primeiros dados consistentes sobre as comunidades de macroinvertebrados de ribeiros 

intermitentes de elevada altitude, que mostram a Família Chironomidae como dominante em 

abundância e riqueza genérica e [9] Foram identificadas novas espécies de quironomídeos 

para Portugal Continental e para a Península Ibérica. 

 

 

Palavras chave: macroinvertebrados dulciaquícolas, variabilidade natural, Chironomidae,  

  Bacia Hidrográfica do Mondego, Directiva Quadro da Água. 
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Summary 

 

 

Macroinvertebrates have become the most commonly used and widely known biological 

indicators for assessing and monitoring human impacts in streams because they respond 

predictably to many kinds/intensities of anthropogenic pressures. Hence, they were included in 

the indicators group of ecological status required by the Water Framework Directive (WFD). 

However, the lack of understanding about natural spatio-temporal variations of 

macroinvertebrate communities and the lack of taxa lists for many undisturbed lotic systems 

most certainly hinder streams condition bioassessment, the successful restoration of the natural 

structural and functional integrity of an ecosystem, and the prediction of climate change impact 

on freshwater biodiversity. 

Spatio-temporal dynamics of undisturbed macroinvertebrate communities of the 

Mondego River basin (MRb) were analysed showing a strong variation both spatially and 

temporally. These variations were regulated through a multiplicity of factors operating at local 

[substrate type and hydraulic conditions (current speed, dissolved oxygen)] and larger spatial 

scales [streambed geology (inferred by conductivity), altitude and channel width]. Seasonal 

variation of these communities was more similar to that in other Mediterranean streams rather 

than that in northern temperate Portuguese streams, where seasonality is not as evident. 

Physical stream types of the MRb (based on the WFD system-B national typology) were tested 

for biological meaning and showed significant relevance for macroinvertebrates. However, 

spatial and temporal heterogeneity of abiotic conditions might hinder bioassessment since 

temporal variations and intermittency do not seem to be incorporated in typology results. 

Particular emphasis was given to high altitude intermittent streams (above 1400 m a.s.l.), where 

new chironomid species records were found for continental Portugal and the Iberian Peninsula 

and the loss of macroinvertebrate biodiversity is expected to occur based on climate change 

predictions. Also, a protocol to help selecting near-natural stream sites was developed and 

tested. Finally, the present work raised the need for long term studies, for more information 

concerning intermittent streams, for molecular studies to solve and complement the lack of 

taxonomical knowledge and for cross-linking reference conditions and climate change.  

 

Key words: freshwater macroinvertebrates, natural variability, Chironomidae, Mondego River 

  basin, Water Framework Directive. 
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General introduction 

 

 

 

 

 

The importance of studying and monitoring running waters 

Environmental changes in rivers and streams have increased from sewage discharge in 

the first decennia of the 20th century towards climate change today (Verdonschot, 2000). 

Human impacts on the water cycle have consequently reached global amplitude (Meybeck, 

2004) and have caused widespread loss of suitable aquatic habitats and species. Successively, 

physico-chemical, biological and ecological assessment evolved but failed to stop deterioration 

(Verdonschot, 2000). Human ability to address preservation, restoration and management of 

running waters is partly limited by lack of public awareness and consequently short political will 

but also by an inadequate/incomplete knowledge base. 

Obtaining sufficient and credible scientific information on freshwater biodiversity and 

making it available as a basis for action is the very beginning to successfully deal with 

sustainable management and conservation of the world’s freshwater resources (Balian et al., 

2008). 

Studies on spatial and temporal dynamics of freshwater biological communities of 

roughly undisturbed sites with measurements on abiotic characteristics help to [1] assess the 

level of human-activity impact on running waters, [2] understand how climate change might 

modify the freshwater communities and [3] determine the actual species richness and 

biodiversity of some specific stream reaches poorly known until now.  

 

1. Bioassessment and the reference condition approach in running waters 

Human activity near and in freshwater ecosystems is increasing on a daily basis, 

promoting environmental degradation of these systems. Many human activities across the 

landscape contribute directly or indirectly to this degradation, including discharge of domestic, 
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agricultural and industrial effluents (e.g., eutrophication, acidification, lethal and sublethal 

contamination of biota); straightening, deepening and clearing of stream channels, drainage of 

wetlands, impoundment of streams, dam operations and water diversions (e.g., erosion, 

sedimentation, decreased longitudinal connectivity, flow alterations); harvest of biota and 

introduction of non-native species (e.g., disruption of natural food webs); and groundwater 

contamination (Allan & Flecker, 1993; Simon & Lyons, 1995; INAG, 2001). Due to the critical 

role of freshwater to all living systems, impacts have to be evaluated to assess whether or not 

the stressor has changed the environment, to determine which components are adversely 

affected, and to estimate the magnitude of the effects on the integrity of rivers and streams 

(Smith, 2002). Measures of chemical integrity are no longer enough in monitoring programs 

(European Commission, 2000) since most impacts occur through time (Barbour et al., 2000) 

and several disturbances are not chemically detectable (physical and biological stressors). The 

historical dominance of chemical criteria in water quality standards resulted in chronic 

underreporting of degradation (Davis et al., 1996; U.S. Environmental Protection Agency, 2005). 

To protect water resources it is necessary to accurately measure the existence of cumulative 

impacts of multiple stressors through time. Consequently, biological integrity assessment 

expanded (Figure 1.1). Human-activity degrades biological integrity by modifying, destroying 

and contaminating elements that support and maintain biological communities (Figure 1.1) and 

thus causing them to deviate from a natural state. Because biological communities integrate the 

effects of different stressors, bioassessment [i.e., the use of biological variables to survey the 

environment according to Bonada et al. (2006a)], together with chemical and morphological 

evaluations (habitat assessment), has become the more comprehensive and effective 

monitoring and assessment strategy (Davis & Simon, 1995; Barbour, 1997; Barbour et al., 2000; 

European Commission, 2000; Gerritsen et al., 2000).  

The most effective bioassessment technique with renewed interest and closely related 

to the biological/ecological integrity concept is the reference condition approach (RCA; sensu 

Reynoldson et al., 1997). In this approach, the ecological quality of a test site is evaluated 

based on the deviation of its biological community from a near-natural “reference” condition, 

with very similar characteristics (e.g., Wright et al., 1984; European Commission, 2000; Wallin 

et al., 2003; Bailey et al., 2004). Whereas all uses of the term reference condition have at their 

root some concept of natural or pristine condition, most practitioners recognize that few, if any, 

truly pristine places still exist in the world (Stoddard, 2005). Hence, the reference condition (RC) 

is commonly defined as a status representative of a group of undisturbed or minimally disturbed 

sites, i.e. which were minimally exposed to human stressors (e.g., Bailey et al., 2004), whereas 

the biological RC is the description of the biological elements that exist under no or very minor 

human disturbances (Economou, 2002; Wallin et al., 2003; Bailey et al., 2004).
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Biological integrity is defined by Karr and Dudley (1981) as the ability to support and maintain a 
balanced, integrated, adaptive assemblage of organisms having species composition, diversity, 
and functional organization comparable to that of the natural habitat of the region. 

Figure 1.1 - Five main components of surface water resources and some of their factors that might be changed by 

human action (modified from Karr et al., 1986). 

 

A RC represents information from numerous similar sites (e.g., Reynoldson et al., 1997; 

Wallin et al., 2003; Bailey et al., 2004), and offers, therefore, a powerful alternative because 

sites themselves serve as replicates rather than the multiple collections within sites like in 

traditional designs (Reynoldson et al., 1997). RC will accordingly provide the baseline against 

which to measure anthropogenic impacts of a test site, describe the biological community 

potential and define spatial and temporal natural variability (Reynoldson et al., 1997; 

Economou, 2002; Wallin et al., 2003; Bailey et al., 2004). Bioassessment using the RCA 

consequently depends on appropriate initial characterization of the RC (Gerritsen et al., 2000), 

an essential but difficult step in quality evaluation (e.g., De Pauw et al., 2006) due to the 

inherent variability in both physical habitat and biological elements (Nijboer et al., 2004). 
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RC can be [1] based on field surveys of near-natural sites (with minor anthropogenic 

impacts), [2] derived by modelling, [3] based on historical data, [4] derived by paleo-

reconstruction, [5] supported by expert judgement or [6] obtained by a combination of some of 

these methods (e.g., Hughes, 1995; Barbour et al., 1996; Gibson et al., 1996; Economou, 2002; 

Wallin et al., 2003). Despite the existence of various methods to obtain undisturbed or minimally 

disturbed biological data and for estimating RC, the most straightforward and by far the most 

common approach is to investigate the existence of field reference sites and to use other 

methods only if this kind of information is not available (Wallin et al., 2003; Stoddard, 2005) 

(Figure 1.2). In relatively undisturbed areas the reference sites may be obtained using clearly 

defined, a priori, criteria for human-induced disturbance. The remaining sites will consequently 

exhibit the natural variability of the region, which must nonetheless be validated using field 

abiotic and/or biotic data (Nijboer et al., 2004). 

 

Near-natural sites available?  

area of interest or neighbouring areas 

 

No data of any kind available? 

Historical or paleoecological 

data available? 

Field network + 
Preditive models 

Paleoreconstruction

Hindcasting 

 

Expert judgement 

No 

No 

Yes 

Yes 

Yes 

Data available for RC 
determination 

 

Methods Strengths and  
weaknesses 

Survey data is region specific but expensive to 
obtain; predictive models are site specific but 
require data, calibration and validation. 

Historical data is inexpensive but often of poor 
quality and quantity; paleoreconstruction can be 
site-specific but is expensive and mostly limited to 
lakes. 

Expert judgement might include past and present 
ideas but bias is probably present. 

 

Figure 1.2 - Selection of the method for determination of RC for surface water bodies depending on available 

information and data [modified from Wallin et al. (2003) and Heiskanen et al. (2004)], and some strengths and 

weaknesses of each method [based on Wallin et al. (2003)]. 

 

The RCA and concepts of bioassessment and biological/ecological integrity (Figure 1.1) are 

legally entrenched in the European water law since the publication of the European Union 

Water Framework Directive (WFD; European Commission, 2000) (Box 1.1). Unlike almost all 

previous legislation, standards are derived with respect to ecological quality rather than physico-

chemical (Hatton-Ellis, 2008) and microbiological thresholds (Mancini, 2006). Aquatic flora and 

benthic invertebrate and fish communities (biological quality elements) are given the highest 

priority in the assessment of ecological status of European rivers according to this directive. 

They are widely accepted as good indicators of river ecosystem integrity since they are able to 

integrate pressures from both biotic and abiotic components (e.g., Mancini, 2006). However, RC 
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constituting integrity vary geographically because each river’s (or stretch’s) biota evolves in the 

context of local and regional geology, climate and other environmental factors and within the 

biological constrains imposed by the organisms occurring in that region (Karr, 1999). That is 

why the need for classification (typology, regionalisation, zonation) systems remains necessary 

every time that a basin or a group of basins are studied (Naiman, 1998).  

 

 

Box 1.1. The WFD and the RCA: The WFD aims 

to establish a framework for the protection (but 

also management, use and restoration) of surface 

waters and groundwater and sets the achievement 

of good ecological status and chemical status of 

all water bodies by 2015 as one of its main goals 

(European Commission, 2000). Characterisation 

of the ecological status is based on biological 

quality elements as well as hydromorphological 

(hydrological regime, river continuity and 

morphological elements) and physico-chemical 

elements (general elements and specific 

pollutants) supporting these biological elements. 

The WFD requires the establishment of methods 

to quantify the ecological status of water bodies. 

Biological assessment is expressed using the 

Ecological Quality Ratio (EQR), which is the 

relationship between the values of the biological 

parameters observed for a given surface water 

body type and the values for these parameters in 

the RC applicable to that body type. A numerical 

scale between zero and one is defined with an 

EQR value near one representing reference or 

high quality status and values close to zero 

standing for bad ecological status. Thus, one key 
 

 

issue required by the EQR concept is the choice 

of appropriate RC since the assessment is based 

on deviations from the expected natural condition 

(European Commission, 2000; Wallin et al., 2003). 

To determine the ecological status of a river or 

stream type it is necessary to previously: [1] 

identify surface water body types; [2] establish 

type-specific RC; [3] define boundaries of 

ecological quality classes and only after river and 

stream types can be classified within one of five 

ecological quality classes (high, good, moderate, 

poor or bad). Consequently, the assessment of 

ecological status requires the development of 

adequate tools and although some guidelines 

were given by the WFD to accomplish some of the 

necessary steps (e.g., definition of water body 

types), not all methodologies were clearly 

specified (e.g., how to obtain valuable data for RC 

determination and how to establish RC; the 

precise method for determining the ecological 

status). A Common Implementation Strategy was 

developed to support member states addressing 

scientific, technical and practical challenges of the 

WFD and to help consensually implementing the 

WFD by providing several guidance documents*.  

*http://circa.europa.eu/Public/irc/env/wfd/library?l=/framework_directive/guidance_documents&vm=detailed&sb=Title 

(June, 2008) 

 

Classification systems have been used for centuries to organize information about 

ecological systems (Naiman, 1998). The point of defining stream classes (or types) is to 

partition the natural spatial biological variability of a region and thus obtaining groups of sites 

where the biology is similar in the absence of human disturbance (Karr, 1999). A central rule of 
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classification is the existence of discrete 'types' with distinct boundaries. Consequently, 

assessment systems but also research, conservation planning and management of ecosystems 

are simplified (e.g., Hawkins et al., 2000; Verdonschot & Nijboer, 2004; Heino & Mykra, 2006).  

Early classifications generally were based on perceived patterns of biotic zonation using 

species of fish as indicators of segment types (e.g., Huet, 1954). In addition, numerous 

specialists of certain orders of stream invertebrates (e.g., Plecoptera, Ephemeroptera, 

Trichoptera) also utilized their data to propose organizational patterns (e.g., Illies & 

Botosaneanu, 1963). These early attempts at stream classification recognized that biotic 

zonation patterns generally were correlated with gradient or other abiotic features such as 

temperature or water chemistry, although Huet (1954) also recognized the importance of larger 

spatial scales by incorporating valley form. Yet the classification of fluvial systems remains a 

difficult topic because running waters exhibit dynamic changes along time and space 

(longitudinal and lateral linkages) and boundaries that are often indistinct (Naiman, 1998).  

Currently, two main approaches can be taken in the determination of the stream 

classes, top-down (divisive) and bottom-up (agglomerative) (Table 1.1).  

 
Table 1.1. Characteristics of top-down and bottom-up approaches for water body type determination [adapted from 

van de Bund & Solimini (2007)] 

Top-down Bottom-up 

                     Based on abiotic data Based on biotic/ abiotic survey data sets from reference sites 

Requires few data Requires large biotic (and abiotic) data sets 

Easy and fast to develop Very time-consuming to develop 

Types not necessarily biologically meaningful Types biologically meaningful 

RC determined by several approaches (Fig. 1.2) RC implicit 

 

According to the WFD, ecological quality assessment methods must be based on type-

specific RC. In this context, the main purpose of a typology is to ensure that type-specific 

biological RC can be reliably defined (Logan & Furse, 2002). WFD stream types should show 

limited biotic and abiotic internal variation (Verdonschot, 2000) and this variability should be 

smaller within than between types to better detect ecological change driven by human 

disturbance (Wallin et al., 2003). Both typology systems indicated by the WFD, A and B 

(Box 1.2), are undoubtedly examples of top-down approaches but according to van de Bund & 

Solimini (2007) System-B types can be defined using both approaches.  

Typology systems and classification in general have to be reasonable in the resulting 

number of types since sensible and cost-effective bioassessment and management schemes 

have to be derived (either too many or too few types raise problems) but essentially those 
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classes have to embrace the range of biological variation in the region and have to be 

biologically meaningful.  

Knowledge on undisturbed biological data is therefore fundamental to [1] validate the 

selection of stream reference sites, [2] validate the definition of top-down stream types, [3] 

establish bottom-up stream types and [4] define type-specific biological RC.  

 

 

Box 1.2. WFD typology systems: WFD System-A 

and B were established to differentiate surface 

water bodies with respect to a physical type. 

System-A defines types according to ecoregions 

(Illes, 1978) and is based on fixed categories for 

altitude (lowland< 200, mid-altitude 200-800, 

high> 800 m a.s.l.), catchment area (small 10-100, 

medium 100-1000, large 1000-10000, very large> 

10000 km2) and geology (siliceous, calcareous, 
 

 

organic); WFD System-B does not provide fixed 

ranges for these obligatory descriptors and 

includes two additional obligatory variables 

(latitude and longitude) and a variety of physical 

and chemical optional factors. System-A defines 

environmental features that influence biological 

communities but are not themselves influenced by 

man, while optional factors in System-B might be 

affected by human activities (Moog et al., 2004). 

 
 

2. Climate change affecting running waters 

While habitat change, pollution, over-exploitation and invasive species are considered 

to be amongst the most important current drivers of biodiversity change in running waters, 

climate warming is expected to become increasingly important (Sutherland et al., 2006). 

Temperature is not the only climate variable likely to change as a result of anthropogenic-

related increases in greenhouse gases or natural changes in climate. In some regions, changes 

in precipitation, relative humidity, radiation, wind speed and/or potential evapotranspiration may 

be more marked than for temperature (Hulme, 2005). In running waters, as ecosystems 

characterized by ectotherms, hydrological dynamism and unidirectional flow, variations in 

temperature and/or discharge influence many stream processes (Durance & Ormerod, 2007). 

Consequently, rivers and streams are already being affected by changes in the climate and will 

be probably more affected in the future since climate change is expected to modify the 

severity/magnitude and frequency of extreme events such as droughts and floods (Roo, 2005; 

Runnalls et al., 2005). Climate change is recognized as a major threat to the survival of species 

and integrity of ecosystems world-wide since it may significantly reduce habitat suitability and 

may threaten species with limited dispersal ability and highly specialized (Hulme, 2005).  

Natural variation and human impacts are therefore inextricably linked by climate change 

and cannot be easily segregated. Thus, finding, today, undisturbed stream sites, with no other 

human impact besides the inevitable influence of climate change, and characterizing their 

biological communities and abiotic features will help defining true RC, accurately achieving the 
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WFD goals and understanding some future impacts climate change is going to have on stream 

biota. Nevertheless, RC are likely to change with climate and should not be therefore 

considered as static (Vogt et al., 2005). 

Several high mountain river systems (e.g., alpine streams) are not yet considerably 

affected by direct human-activities (very low population and no industrial development). In 

intensely human-managed systems, the direct effects of climate change may be either buffered 

or so completely confounded with other factors that they become impossible to detect. 

Conversely, in systems with little human manipulation, the effects of climate change are most 

transparent (McCarthy et al., 2001). Simultaneously, mountain environments are amongst the 

most sensitive to climate change /variability (Allan & Flecker, 1993) because of the very strong 

coupling between atmospheric conditions, snow packs (or glaciers), melt-water generation, 

stream flow, water quality (physico-chemical) and river ecology (McGregor et al.,1995; Hannah 

et al., 2007). Additionally, one of the most distinctive and ecologically influential characteristics 

of many headwater streams is natural drying (Fritz et al., 2006). Consequently, these near-

natural, headwater environments might provide an almost unique insight into natural 

hydrological and ecological response to climate (Füreder et al., 2002).  

 

3. Species richness in running waters  

Surveys of all species within a freshwater community are unusual because taxonomic 

knowledge of many groups is inadequate and because the exhaustive compilation of species 

list is rarely a priority (Allan, 1995). However, a disproportional large fraction of the world’s total 

biodiversity (~ 9%) resides in freshwater ecosystems, since these systems take up only 0.01% 

of the total surface of the globe (Balian et al., 2008). This is why biodiversity is probably at 

greater risk in freshwater systems than in other ecosystems (Allan & Flecker, 1993; Abellán et 

al., 2007), which should imply complete taxa inventories in order to assess the rate of species 

loss and species migration due to human impacts. Whereas the available data on vertebrates 

and some emblematic invertebrate groups such as Odonata (dragonflies and damselflies) allow 

for a credible assessment, data are deficient for many other groups (Balian et al., 2008). The 

lack of species lists for many lotic systems most certainly hinder rivers condition bioassessment, 

the successful restoration of the natural structural and functional integrity of an ecosystem, and 

the prediction of climate change impact on freshwater biodiversity. 

 
 
Macroinvertebrates: important role in stream function and assessment  

Macroinvertebrates have become the most commonly used, widely known and robust 

biological indicators in freshwater ecosystems (e.g., Rosenberg & Resh, 1993; Mancini, 2006). 

In running waters, macroinvertebrates are organisms large enough to be caught in a  
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250-1000 μm screen (De Pauw et al., 2006). Most of them are, in fact, larger than 1 mm (e.g., 

Rosenberg & Resh, 1993; Tachet et al., 2000). In the present thesis macroinvertebrates are 

defined as organisms retained on a 250 μm screen. In general, aquatic macroinvertebrates 

inhabit the bottom substrates of watercourses (thus, commonly termed as benthic invertebrates) 

but some groups are free swimmers or most related to the water surface film (e.g., Williams & 

Feltmate, 1992; Tachet et al., 2000). The main constituents of this group are young aquatic 

stages of insects but also other arthropods, bivalves and snails, flatworms, worms and leaches 

among others.  

Macroinvertebrates perform a variety of functions in freshwater systems including 

detritus decomposition, the release of nutrients by feeding activities, excretion, and burrowing 

into sediments, regulation of abundance, location and size of their prey, supplying food to 

aquatic and terrestrial consumers and promoting nutrient transfer to adjacent riparian zones of 

streams (Covich et al., 1999). 

Their important and successful role in bioassessment is due to communities’ 

characteristics, behavioural and physiological features and advanced collection, identification 

and analysis methods (e.g., Rosenberg & Resh, 1993; Yoder & Rakin, 1998) that clearly 

outweigh the existing difficulties (Box 1.3).  

 

 

 
Box 1.3. Macroinvertebrates are suitable as 

bioindicators because of: [1] their ubiquity, [2] high 

abundance and diversity throughout the river 

system, [3] sedentary nature allowing local and 

spatial analysis in general, since are less able to 

avoid potential harmful conditions than mobile 

species, [4] low-cost and simplicity of the 

collection methods with low impact in the 

community, [5] relatively easy identification since 

taxonomy of many groups is well known, [6] 

differential sensitivity (due to very diverse 

physiological tolerances and life and feeding 

strategies) and a fast reaction to several 

pressures that are already well described, [7] their 

life cycles diversity, ranging from a few weeks to a 

few years, which make them living records of 
 

 
cumulative stress and exposure over time, [8] 

many species suitability for experimental studies 

of pollution effects and [9] a comparatively large 

amount of data already exists (Hellawell, 1977; De 

Pauw & Vanhooren, 1983; Rosenberg & Resh, 

1993; Resh, 1995; Yoder & Rakin, 1998). On the 

other hand, [1] quantitative sampling requiring 

large number of samples, [2] the time and cost 

required for identification, especially to lower 

taxonomic levels, [3] invertebrate seasonal 

variation complex data interpretation (Rosenberg 

& Resh, 1993; Resh, 1995) or [4] restricted 

geographic distribution impeding the existence of 

a universal assessment system (Sandin et al., 

2000) are pointed as restrictions in the use of 

macroinvertebrates as a bioassessment tool. 
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1. Assessment tools 

Through the years, and still today, numerous macroinvertebrate-based measures, 

indices, designs and methods of data analysis have been developed and proposed to integrate 

characterization and monitoring protocols of rivers and streams and are, therefore, available to 

help evaluating effects of a stressor (human activity) on the environment. Although these 

methodologies address suborganismal (biomarkers at molecular, cell and tissue level), 

organismal (toxicity tests on specimens), population (fluctuating asymmetry), community 

(multimetric and multivariate approaches, functional feeding groups and multiple biological 

traits) and ecosystem (benthic secondary production, leaf-litter decay) organizational levels, 

community-level approaches are currently the most widely used (Bonada et al., 2006a).  

Very recently, Prat et al. (in prep.), based on Bonada et al.’s (2006a) work, classified 

methods using the macroinvertebrate community to assess ecological quality of freshwater into 

four major categories: [1] single metric indices, which include non-taxonomic metrics, 

sensitivity/tolerance metrics and functional metrics (Box 1.4); [2] biological traits, which consist 

in using a combination of organisms’ biological and ecological attributes as indicator of quality 

conditions (Box 1.4); [3] multimetric indices, which result from the combination of metrics that 

individually provide information on different characteristics of the community but together are 

presumed to represent a range of community responses to human impact (Box 1.5) and [4] 

multivariate methods, which predict the expected invertebrate community that should occur at a 

test site with specific habitat attributes (Box 1.5). 

Besides the above classified methods there is also the ANOVA (BACI) design. In 

Green’s (1979) BACI design (Before/After-Control/Impact studies) a sample is taken before and 

another after the possible disturbance in the impacted and in the control locations. The 

environmental disturbance should appear as a difference in mean abundance of the sampled 

population. However, this difference could be caused by a natural agent. Thus, several 

alterations have been performed to the initial BACI design to include temporal and spatial 

replication (Underwood, 1994). However, the relative complexity of these designs together with 

the common constrains (time and money) support the development of more user-friendly 

approaches.  
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Box 1.4. Macroinvertebrate-based measures 

might vary depending on the stream or river type, 

river, basin, region or continent of interest and on 

the stressor in question. In fact, the number of 

macroinvertebrate-based measures is even higher 

since they were created for different levels of 

taxonomic resolution (e.g., genus, family and 

order). Some examples of methods according to 

Prat et al.’s (in press) classification are: [1] 

Margalef’s index (Margalef, 1951), Simpson’s 

index (Simpson, 1949), Belgian Biotic Index (De 

Pauw & Vanhooren, 1983), IBMWP (Alba-

Tercedor & Sánchez-Ortega, 1988) for single 

metrics indices and [2] body form and size and 

feeding habits (Tachet et al., 2000) for biological 

traits. A single measure might not be helpful for 

the purpose of assessment. Thus, when some of 

the indices included in single metrics indices are 

interpreted individually they may not reflect the 

overall ecological health (Barbour et al., 1995). 

This is due to the fact that diversity and biotic 

indices are based on different assumptions. In 

general, diversity indices relate the number of 

observed taxa to the number of individuals (e.g., 

Simpson’s index). The principle is that disturbance 

leads to a reduction in diversity. These indices are 

easy to calculate, applicable to all kind of 

watercourses and are best used for comparative
 

 

purposes (De Pauw et al., 2006). Biotic indices 

are numerical expressions based upon indicator 

organisms, that is, tolerance or sensitivity of 

aquatic organisms to different types and/or 

magnitudes of disturbances (e.g., IBMWP) (Davis, 

1995). The principle is that intolerant 

macroinvertebrate groups disappear as pollution 

increases and that the number of taxonomic 

groups is reduced as disturbance increases (De 

Pauw et al., 2006). The advantage of biotic indices 

is the reduction of long taxa lists and technical 

explanations, complex interactions and pollution 

responses of an aquatic community into a single 

number or an interval of values, which 

corresponds to a quality class (Davis, 1995). 

However, they are normally developed for a 

specific region. Some disadvantages of both 

diversity and biotic indices might be overcome by 

the use of multimetric indices. The biological traits 

approach consists in using multiple organisms’ 

biological and ecological attributes as indicator of 

environmental constraints. The advantage of this 

approach relates to its large-scale applicability and 

its major problem concerns the consistent 

description of invertebrate taxa traits, because this 

information is currently lacking for many regions 

(Bonada et al., 2006a). 

 

 

Consequently, different assessment methods have been performed with the 

macroinvertebrate community, all depending, although at different levels, on having information 

on undisturbed macroinvertebrate communities to compare with data from potentially impacted 

sites. The RCA (sensu Reynoldson et al., 1997; see Bioassessment and the reference condition 

approach in running waters section of this introduction) has been performed world wide with 

benthic invertebrate communities using multimetric and multivariate approaches (e.g., Wright et 

al., 1984; Davies, 2000; Wright, 2000; Feio et al., 2007) (Box 1.5).  
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Box 1.5. Multimetric and multivariate methods 

require ecological classification to be based on 

deviations from the expected natural condition and 

are therefore based on the RCA. The underlying 

principle of both methods is that the biota is the 

ultimate integrator of all human actions (Karr & 

Chu, 2000). In multimetric methods [e.g., B-IBI 

(Karr, 1999)], mostly used in the USA 

(Reynoldson et al., 1997) but with some European 

examples [IM9 (Pinto et al., 2004)], several 

metrics that individually provide information on 

different characteristics of the macroinvertebrate 

community are integrated into one index value 

score, which is the expression of the overall 

quality (Barbour et al., 1995). Recently, as a 

consequence of the publication of the WFD 

multimetric systems are currently being developed 

and implemented in Europe. However, in some 

European countries the multivariate approach is 

still very common and is being adapted to the 

WFD requisites. This second approach predicts 

the expected invertebrate community that should 

occur at a test site with specific habitat attributes. 

Ideally, the environmental variables used to 

associate test sites with reference sites should not 

be influenced by human impact. This approach 

started using macroinvertebrate presence/ 
 

 

absence data [RIVPACS I in the UK (Wright et al., 

1984; Wright, 2000) and AusRivAS in Australia 

(Davies, 2000)] and later including quantitative 

data [RIVPACS III (Wright, 2000) and BEAST in 

Canada (Reynoldson et al., 1995)]. Similar 

systems were already developed for Sweden 

(Sandin et al., 2001), Czech Republic (Kokeš et 

al., 2006) and Portugal (Feio et al., 2007). In the 

multimetric approach test sites are compared to 

reference sites belonging to the same morpho-

physical geographic group, while multivariate 

models use habitat attributes to predict the 

reference-site group to which the test site is most 

likely to belong and should be compared. 

Multimetrics are attractive because they produce a 

single score that is comparable to a target value. 

However, metrics are often redundant in a 

combination index and not all information collected 

is used. Multivariate methods are advantageous 

since they require no prior assumptions either in 

creating groups out of reference sites or in 

comparing test sites with reference groups using 

probability ellipses or ratios between the observed 

and the expected biota. However, the complexity 

of the initial model construction may discourage 

the use of this method (Reynoldson et al., 1997). 

 

 

2. Spatial and temporal patterns  

In the WFD the RCA using macroinvertebrates (benthic invertebrate fauna) is also one 

of the key-approaches in assessing the ecological status of rivers and, regardless of how the 

data will ultimately be analysed, ensuring some consistency of the macroinvertebrate data will 

allow comparisons among studies and regions. That is the major reason for the recent 

European discussion involving benthic invertebrates and sampling methods, taxonomic 

resolution, validation of reference sites and concordance with physical stream and river types 

(Hering et al., 2003; Nijboer et al., 2004; Verdonschot, 2006a; 2006b). The renewed interest in 
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spatial and temporal natural variation patterns of the macroinvertebrate community (e.g., 

Wiberg-Larsen et al., 2000; Ehlert et al., 2002; Morais et al., 2004; Sandin & Johnson, 2004) 

emerges from the need to differentiate the effects of natural variability from human-induced 

variations and thus defining RC to benthic invertebrates in coherence with the WFD stipulation. 

Patterns of macroinvertebrate communities are commonly best explained by a group of 

environmental and biotic variables but several single factors are responsible for a major 

proportion of the invertebrate natural variability. Although they may differ within each geographic 

region (type), some of the best known factors determining invertebrate community structure are: 

sediment quality and heterogeneity (e.g., Malmqvist, 1999; Beisel et al., 2000; Rae, 2004), 

water quality features such as pH and organic matter (e.g., Hellawell, 1986; Alba-Tercedor & 

Sánchez-Ortega, 1988), hydrological conditions and stream size characteristics such as width, 

depth and distance from source (e.g., Wright et al., 1984; Malmqvist, 1999; Sandin, 2003), 

geomorphology characteristics such as altitude and slope (Feio et al., 2005), water permanence 

(Bonada et al., 2006b) and biological factors (e.g., Kohler, 1992; MacNeil et al., 1999). Spatial 

but also temporal scales consequently influence the macroinvertebrate community structure and 

might therefore limit the applicability of stream assessment methods. 

The high temporal variability of stream invertebrates (species-specific differences in 

emergence, birth and death rates) occurring in some regions of the world (e.g., mediterranean 

areas) is strongly influenced by climatic events and will be probably affected by climate change. 

Water temperature is known to control to some extent abundance and distribution of 

macroinvertebrates by influencing directly organism growth and community voltinism (Williams 

& Feltmate, 1992) and indirectly through dissolved oxygen, primary production, decomposition 

and litter processing (Durance & Ormerod, 2007). From a hydrological perspective, hydraulic 

conditions, floods and droughts have direct effects on the presence or displacement of 

organisms (Lake, 2000; Durance & Ormerod, 2007). Although the effects of floods have been 

relatively well studied, those of droughts have been largely neglected (Lake, 2000). Aquatic 

insects may respond to these natural disturbances behaviourally, by migrating from or changing 

distribution (refugia) within stressed regions, or physiologically, by adjusting growth, 

development, size, condition and fecundity (Williams & Feltmate, 1992).  

 

3. Lack of taxonomic studies  

Although macroinvertebrates are extremely important to the function and structure of 

stream communities, their taxonomy in some regions, contrarily to most freshwater vertebrate 

groups, is so far poorly known. This is particularly true for the family Chironomidae partly due to 

the lack of adequate taxonomic bibliography but mostly because Chironomidae genus/species 

resolution requires high taxonomical skills and is extremely laborious and very time consuming 
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(Rabeni & Wang, 2001). However, Chironomidae are common inhabitants of most aquatic 

habitats, and often dominate aquatic insect communities in both abundance and species 

richness, representing one of the freshwater invertebrate groups with higher species richness 

(Allan & Flecker, 1993, Balian et al., 2008). They exhibit extreme elevational ranges, and are 

amongst the most tolerant aquatic insects to water and air temperatures. Chironomidae larval 

and pupal stages are typically constrained to aquatic habitats while adults are aerial. A total of 

339 genera and 4,147 species can be considered unambiguously aquatic in their immature 

stages and in the Palaearctic region 181 aquatic genera enclosing 1321 species are already 

known and some are still to be found (Ferrington, 2008). In the Iberian Peninsula, the family 

Chironomidae has received some attention but mostly in the Spanish territory (e.g., Soriano et 

al., 1997). 

 

 

Mediterranean streams and the Mondego River basin as a case study 

Streams under the influence of Mediterranean-type climate (i.e. seasonal and variable 

intensity in rainfall and temperature regimes) are usually named mediterranean streams. They 

have a distinct cool and wet season followed by a warm dry season and may present flooding 

and drying periods (Gasith & Resh, 1999). As a result, mediterranean streams are naturally 

stressed. Depending on the frequency and intensity of droughts and floods, mediterranean 

areas enclose permanent and temporary (intermittent, ephemeral) streams. Climate change 

scenarios indicate that floods and droughts magnitude and frequency are likely to increase in 

mediterranean regions (Roo, 2005; Runnalls et al., 2005).  

Although the Mediterranean-type climate occurs in five areas of the world, over one half 

of its total area is located around the Mediterranean Sea basin between 30º and 45º N (Gasith 

& Resh, 1999). The climate in Portugal is typically Mediterranean, although the mediterranean 

influence vanishes from South to North and from the Atlantic Ocean towards inland (Ribeiro, 

1989). 

The Mondego River basin (MRb) is entirely located in the central region of Portugal, 

between 39º 46’ N and 40º 48’ N and 7º 14’ W and 8º 52’ W (Figure 1.3), in an area of 

Mediterranean climate, strongly influenced by the Atlantic Ocean. The average annual 

temperature (a.a.t.) is approximately 13 ºC, with the warmest temperatures registered near the 

coast (a.a.t. 16 ºC) and the lowest recorded in Estrela and Caramulo Mountains (a.a.t. 10 ºC). In 

general, the hottest months are July and August and the coldest are December and January. 

The average annual precipitation is 1130 mm, with a humid semester between October and 

March and the driest months being July and August (Lima & Lima, 2002).  
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The MRb drains an area of 6645 km2 into the Atlantic Ocean (Loureiro et al., 1986) and 

its aquatic systems cover less than 1% of the Mondego catchment area. The Mondego itself is 

the largest entirely Portuguese river with a length of 234 km, beginning at an altitude of 1547 m 

a.s.l. in Serra da Estrela (Loureiro et al., 1986). The altitude of the drainage basin ranges from 

nearly 2000 m a.s.l. to sea level. Only 2.1% and 0.6% of the Mondego River catchment area is 

above 1200 m and 1500 m a.s.l., respectively, and the average altitude of the drainage basin is 

375 m a.s.l. Mondego River main tributaries are Dão, on the right bank, and Alva, Ceira, Arunca 

and Pranto on the left bank (Loureiro et al., 1986). 

As expected, this basin has high variability of the annual freshwater discharge and 

consequently several rivers and streams vary from flooded to dry in the same year (Lima & 

Lima, 2002). The natural hydrology of the basin has been heavily changed by the construction 

of several major dams (since 1940) and hundreds of small weirs, yet, a seasonal discharge 

pattern is clearly present. 

Hydrogeologically there are two major areas in the MRb, an essentially siliceous area in 

the upper and middle regions of the basin and a mainly calcareous area in its lower section 

(AMBIO et al., 1999). The calcareous section includes areas with different mineralization levels, 

medium and high (Figure 1.3) (INAG, 2008). 

As most Mediterranean basins, the MRb is subjected to numerous other human 

pressures besides damming. Intensive and extensive agricultural areas, although declining in 

size, cover respectively about 5% and more than 35% of the catchment area and are located 

mainly in the lower region of the MRb and in Dão and Arunca River valleys. Other artificial areas 

(urban, industrial and roads) account for 3% of the Mondego River catchment area. Human 

pressure is stronger along the main rivers and in the coastal region (AMBIO et al., 1999; 

Marques et al., 2002), with approximately 670,000 people living in the catchment area (AMBIO 

et al., 1999). Harvesting timber, mainly for pulp production (Eucalyptus globulus Labill.), is a 

widespread practice across this catchment (Marques et al., 2002). Generally, these human 

activities decrease longitudinal connectivity, increase diffuse pollution, sediment loads and 

nutrient enrichment and damage the riparian wood, the banks and the in-stream habitats (e.g., 

Hughes et al., 2007). Nonetheless, natural or semi-natural areas cover more than 50% of 

Mondego River catchment.  

All samples used in the present thesis were collected in the MRb.
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Figure 1.3 - Geographic position of the MRb with detailed location of main tributaries and of all sites sampled during 

the present thesis. Catchment altitude and mineralisation-related information [modified from INAG (2008)] is also given.  

 

 
Aims and importance of this study  

Available comprehensive scientific data on roughly undisturbed macroinvertebrate 

communities of Portuguese rivers and streams is very scarce, either because unaltered stream 

reaches are increasingly rare or no real effort (time and money) was put into the subject. 

However, this kind of data became crucial with the: [1] publication of the WFD that gave the 

highest priority to benthic invertebrate fauna in assessing the ecological status of rivers and 

streams by selecting macroinvertebrates as one of the biological quality elements; [2] certainty 
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that climate change is shifting biological communities of running waters; and [3] risk of loosing a 

fraction of the biological diversity due to both direct and indirect human pressures that is 

unquantifiable owing to knowledge gaps, both in geographical coverage and/or lack of 

taxonomic information.  

Thus, the overall objective of this study is to improve the understanding of the ecology 

(and taxonomy) of macroinvertebrate communities under near-natural conditions, particularly on 

their spatial and temporal dynamics, not just because of its own interest, but especially because 

it allows to accurately develop, improve and/or validate ecological assessment tools.  

Simultaneous to the compilation of near-natural macroinvertebrate data, an equal 

important task is the measurement of environmental information in undisturbed locations. 

Macroinvertebrate and environmental data collected in the MRb and the cross-linking of these 

two complementary data sets allow answering the following general questions: 

1. Is it possible to find relatively undisturbed macroinvertebrate communities in the 

MRb?  

2. Does the structure of undisturbed macroinvertebrate communities vary spatially 

across the MRb? What are the major environmental gradients influencing the spatial 

distribution of these communities? Are undisturbed macroinvertebrate communities 

representative of all physical river and stream types known to exist in this river 

basin? 

3. Do temporal variations of the environmental conditions influence the structure of 

undisturbed macroinvertebrate communities in the MRb?  

Since the MRb is influenced by the Mediterranean-type climate and because there is 

still a general lack of knowledge about near-natural Mediterranean communities, some 

fundamental and more specific questions concerning the influence of drought events on spatial 

and temporal dynamics of undisturbed macroinvertebrate communities, were formulated: 

4. Which environmental variables are responsible for the invertebrate spatial pattern of 

distribution in temporary streams? Do flow variation and the length of the dry period 

influence macroinvertebrate abundance, taxon richness and community structure? 

Finally, practical and applied issues involving spatial and temporal patterns of distribution of the 

macroinvertebrate communities were investigated trying to answer recurrent [a] integrity 

assessment-, [b] climate-change- and [c] species richness-related questions:  

[a] 5. 

 

What criteria (pre-defined criteria for human-induced disturbance versus 

biotic/abiotic data survey) should be used to select undisturbed stream 

reaches? 
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 6.  

 

Does different taxonomic resolution substantially change the information 

extracted from the macroinvertebrate community? 

 7. 

 

What is the best occasion for sampling macroinvertebrate communities to 

assess stream ecological quality in the MRb? 

 8. Are physical stream types (WFD System-B) biologically relevant? 

 
[b] 9. Is it possible to expect invertebrate community changes based on 

predictions for climate change? 

 
[c] 10. Do poorly studied areas of the MRb enclose new invertebrate species for 

the Portuguese fauna? 

 

Thesis outline 

This thesis comprises a collection of five scientific papers published or submitted in 

peer reviewed international journals. Besides the present introductory chapter (Chapter 1) 

summarising human-induced changes in running waters, current methods of impact 

assessment, the role and importance of undisturbed macroinvertebrate communities in this 

process and the aims of the present work, five more chapters compose this study. Chapters 2, 3 

and 4 corresponding each to a single paper, have their own self-contained introduction and sub-

sections on methods, results, discussion, conclusions and references and Chapter 5 encloses 

two papers with similar structures of the previous chapters. Ultimately, final remarks are given in 

a last chapter (Chapter 6) integrating the results obtained in different papers and presenting the 

major conclusions and achievements of the study. 

Chapters 2, 3, and 4 of this thesis have the entire MRb as study area. The first 

approach of this study was to find near-natural invertebrate communities in the MRb in order to 

understand how they vary in space and time and which environmental factors seem to drive 

these communities. Thus, Chapter 2 lists the invertebrate families found in those reaches, 

describes the structure of their benthic communities and explains the relative contribution of 
Regional and local environmental factors structuring the undisturbed benthic macroinvertebrate 

communities in the Mondego River basin, Portugal over three sampling occasions (within a 

year), addressing questions 1, 2 and 3 and partly answering question 7. Sampling sites were 

located in four main tributaries of the Mondego River and in several small streams 

geographically dispersed throughout the basin, at distinct altitudes and hydrogeological regions 

and around 30 environmental parameters were measured in each campaign. Although much of 

the natural variability of the area of interest was illustrated by the selected sites and despite the 
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initial attempt to select perennial and temporary streams, the former systems largely exceeded 

the temporary ones in this first approach.  

As the invertebrate structural pattern found in the MRb was more similar to those in 

Mediterranean basins than in northern temperate Portuguese rivers an effort was made to 

enlarge the sampling network in order to include more undisturbed temporary streams and 

consequently being representative of a mediterranean system. Simultaneously, a set of 

“pressure-screening” criteria was defined to guarantee a stream reach as a suitable reference 

site. This was accomplished in Chapter 3, Selection and validation of reference sites in small 

river basins. This chapter also allowed an overall view of type and dimension of human 

disturbances affecting potentially undisturbed macroinvertebrate communities, the identification 

of relatively well preserved reaches and a comparison between which and how many stream 

sites are selected as near-natural when using [1] pre-defined criteria of physical/social/biological 

attributes or [2] detailed investigation on benthic invertebrates, riparian vegetation, in-stream 

habitat quality and measurements of chemical variables, consequently focusing on questions 1, 

2 and 5 and to some extent on question 7.  

After understanding which environmental variables drive the spatial patterns of 

macroinvertebrate community (from Chapter 2) and once having a sufficient number of 

undisturbed sites illustrating some of the most representative stream types (from Chapter 3) it 

was possible to test if the physical national river typology accurately partitioned the natural 

spatial variability of the macroinvertebrate communities, i.e. if WFD System-B types were 

biologically relevant, dealing with question 8 and helping addressing questions 2 and 3. An 

inaccurate typology scheme is prone to assessment errors, since natural variability might be 

mistaken for human-induced degradation, or the other way around. This was addressed on 

Chapter 4, Typology schemes as management and assessment tools: are physical stream 

types biologically relevant?, using relatively undisturbed sites although not truly reference sites 

sensu WFD, since only the benthic invertebrate communities were inspected.  

The MRb comprises the highest running water systems in Continental Portugal, 

subjected to very minor disturbances since they are included in a protected area. Questions (4) 

relating the natural spatial and temporal patterns of the composition and structure of their 

macroinvertebrate communities with especial emphasis on streams natural intermittency were 

addressed on Chapter 5. Invertebrate samples were identified to genus/species taxonomic 

resolution since this is a particularly poorly studied area of the MRb, and particular attention was 

given to the Family Chironomidae. This allowed the improvement of the taxonomic knowledge 

for High altitude Chironomidae (Diptera) of Serra da Estrela (Portugal) addressing question 10, 

a comparative investigation of three taxonomic resolution levels (order, family and genus) 

handling question 6 and a better understanding on the structure of Macroinvertebrate 

communities of non-glacial high altitude intermittent streams in general. Slight predictions on the 
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possible impact of the expected climate change on these communities were discussed 

(question 9), since these mountainous intermittent streams are amongst the most vulnerable 

systems to climate change in Europe.  
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Regional and local environmental factors structuring 

undisturbed benthic macroinvertebrate communities in the 

Mondego River basin, Portugal 

 

 
 
Abstract: The relative contribution of environmental variables in explaining the structure variation of 
undisturbed benthic macroinvertebrate communities was investigated over three seasons at 18 sites of the 
Mondego River basin, Portugal. Sampling sites located at distinct altitudes (2-840 m), presented a 
consistent pattern of water conductivity values through seasons, always showing the highest values in 
lowland watercourses. Streams showed highly variable hydraulic conditions from intermittent to perennial 
systems, so discharge-related factors were expected to influence their communities’ structure. Ninety nine 
macroinvertebrate taxa were recorded at the undisturbed sites, ranging from a minimum of 16 during spring 
to a maximum of 63 during summer. Taxon richness at a site was the only significantly different descriptive 
measure among seasons. Regression analysis applied to undisturbed data revealed spring (-), channel 
width (-), dissolved oxygen (+), total dissolved solids (-) and chlorophyll a (-) as the strongest predictors of 
family richness, while invertebrate abundance was highly related to organic content of sediment (+) and 
levels of dissolved oxygen (+) (ordered by significance). Community family composition was related to 
environmental variables through canonical correspondence analyses which showed that the most 
significant natural environmental-gradient affecting invertebrate distribution was a spatial variation of 
sediment grain size, altitude and stream bed geology explained by conductivity. As expected, discharge-
related variables such as dissolved oxygen, current speed and channel width were main factors in defining 
a secondary seasonal gradient. This was reinforced by the results of a similarity percentage breakdown 
procedure, which showed differences in the invertebrate composition between seasons and between sites 
within the same season. These findings recognize the importance of local factors but also indicate the 
significance of larger-scale factors such as stream geology and altitude in structuring the undisturbed 
benthic invertebrate communities in this area. 
 
Key words: freshwater macroinvertebrates, Mondego River basin, local factors, environmental gradients, 
taxon richness, abundance. 
 
 

 

 

Introduction  

Bioassessment and restoration measures are important tools to evaluate and reestablish 

the natural range of variability in riverine ecosystems (European Commission, 2000; Wallin et al., 

2003). Therefore, identifying primary natural variables affecting biological assemblages is one of 

the first steps in quantifying deviations from a natural condition and understanding how biological 

communities are affected by human demands.  
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Environmental factors structuring undisturbed macroinvertebrate communities 

Aquatic macroinvertebrates are known to respond to a variety of environmental variables 

such as sediment quality and heterogeneity (e.g., Malmqvist, 1999; Beisel et al., 2000; Rae, 

2004), water quality (e.g., Hellawell, 1986; Alba-Tercedor & Sánchez-Ortega, 1988), hydrological 

conditions (e.g., Malmqvist, 1999; Sandin, 2003), sediment food resources (Peeters et al., 2004), 

shading (e.g., Malmqvist & Hoffsten, 2000) and biological factors (e.g., Kohler, 1992; MacNeil et 

al., 1999). As a consequence, they have become the most commonly used biological indicators 

in freshwater ecosystems (e.g., Rosenberg & Resh, 1993) and are likely to play even a major 

role in future stream assessment since they are specified by the Water Framework Directive 

(WFD) as one of the selected indicator groups (European Commission, 2000). Establishing the 

environmental variables to which benthic invertebrate communities are reacting is a major 

difficulty since many simultaneously interacting physical forces, chemical factors and biological 

processes characterize fluvial environments. The complexity increases when these interactions 

are known to change spatially and temporally, leading to different invertebrate community 

structures (Resh & Rosenberg, 1989). Studies relating environmental variables to temporal 

and/or spatial distribution patterns of benthic macroinvertebrates are common worldwide (e.g., 

Wright et al., 1984; Corkum, 1989; Quinn & Hickey, 1990). Even in Portugal, while less 

frequently reported, studies with similar goals have already been performed (e.g., Graça et al., 

1989; Cortes, 1992; Cortes et al., 1998; Pires et al., 2000; Aguiar et al., 2002). However, in most 

European countries, the need to understand undisturbed invertebrate assemblages only 

emerged recently (e.g., Wiberg-Larsen et al., 2000; Ehlert et al., 2002; Morais et al., 2004; 

Sandin & Johnson, 2004), in coherence with the WFD stipulation of assessing the ecological 

status of a water body by comparing the present to the expected reference condition. Also 

recently, studies including stream reaches in larger spatial-scales have been getting particular 

attention showing that large-scale factors (e.g., surficial geology, geographic factors) (e.g., 

Corkum, 1989; Richards et al., 1996) and consequent interaction between different spatial-scale 

factors can also be important in explaining the variation in macroinvertebrate communities 

(Sandin & Johnson, 2004). 

An additional crucial step in assessing and preventing losses of biodiversity and 

consequent losses of ecological integrity in fluvial systems is to understand the underlying 

patterns behind the variability of descriptive measures of diversity. Taxon richness is one of the 

metrics most commonly used in this respect, frequently related to quality assessment of streams 

(Lenat, 1988). Variation in taxon richness has already been related to several factors including 

substrate, habitat type, light effect, biotic interactions, water chemistry, hydraulic conditions and 

regional factors such as latitude and continentality (see Vinson & Hawkins, 1998 for a review; 

Malmqvist & Hoffsten, 2000).  

The main purpose of the present study is to investigate the relative contribution of 

several environmental variables in explaining the observed structure variation of undisturbed 
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benthic macroinvertebrate communities in a Portuguese river basin. Sampling and data analyses 

were performed seasonally in order to detect different temporal patterns of the benthic structure. 

These results could be a valuable tool when predicting how human disturbances affect fluvial 

ecosystems and to implement a biotic regionalization approach in this and similar river basins. 

 

Methods 

Study area  

The Mondego River basin (Figure 2.1) drains an area of 6645 km2 into the Atlantic 

Ocean (Loureiro et al., 1986). It is located in the central region of Portugal (approximately 

between 39º46’N and 40º48’N, and 7º14’W and 8º52’W) and has an elongated shape with the 

longest axis oriented NE-SW. Altitude of the drainage basin ranges from nearly 2000 m a.s.l. to 

sea level. The Mondego River is the largest exclusively Portuguese river with a length of 234 km 

beginning at an altitude of 1547 m a.s.l. (Loureiro et al., 1986). 
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Figure 2.1 - Location of sampling sites in the Mondego River basin, Portugal. 
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Environmental factors structuring undisturbed macroinvertebrate communities 

This basin is located in a region of Mediterranean-type climate, strongly influenced by 

the Atlantic Ocean. The average annual temperature (a.a.t.) is approximately 13 ºC, with the 

warmest region near the coast (a.a.t. 16 ºC) and the lowest temperatures being recorded in the 

Estrela and Caramulo mountains (a.a.t. 10 ºC). Generally the hottest months are July and 

August and the coldest are December and January. Average annual precipitation is 1130 mm, 

with a humid semester between October and March and the driest months being July and August 

(Lima & Lima, 2002). 

Hydrogeological features define two major areas in the Mondego River basin, an 

essentially siliceous area in the upper and middle regions of the basin and a mainly calcareous 

karstic area in its lower section (AMBIO et al., 1999). Although the natural hydrology of the basin 

has been changed in space and time due to the construction of several major dams and 

hundreds of small weirs along the catchment area, a seasonal flow discharge pattern is clearly 

present (Figure 2.2). Agricultural areas, although declining in size, are located mainly in the lower 

region of the Mondego River basin and in Dão and Arunca River valleys. Human pressure is 

stronger along the main rivers and in the coastal areas (AMBIO et al., 1999; Marques et al., 

2002).  
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Figure 2.2 - Average monthly inflow to the Aguieira dam, which drains 46% of the total catchment area 

of the Mondego River basin. 

 

 

Eighteen sampling sites were selected in the Mondego River basin, four of which were 

located in main tributaries (sites 3, 8, 13 and 16), and all others were situated in smaller rivers 

(sites 1, 5, 7, 10, 11, 12 and 14) and streams (sites 2, 4, 6, 9, 15, 17 and 18) (Figure 2.1). The 

Mondego River itself was not sampled due to its deepness and to the severe human induced 

channel straightening and regularization. Sampling sites were located in both perennial and 
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temporary streams and were positioned between 39º51’28’’N and 40º41’55’’N, and 7º24’56’’W 

and 8º43’15’’W at altitudes ranging from 2 m to 840 m a.s.l. (Table 2.1). 

 

Table 2.1. Seasonal range of each environmental variable for each site. See appendix 2.1 for units and abbreviations 

Site Alt Lon Lat CW Dep CS WT TDS pH 
1 2 8º43'15’’W 40º13'03''N 6-7 30-50 0.27-0.34 12.15-18.56 0.18-0.26 7.50-7.70 

   2*§ 50 8º32'52''W 40º18'44''N 4 20 0.33 16.04 0.46 8.00 

3 10 8º38'00''W 40º01'42''N 20+ 120+ 0.00-0.01 17.25-22.75 0.41-0.43 8.04-8.18 

4 100 8º40'16''W 39º51'28''N 1.5-4 30-60 0.06-0.38 15.07-18.80 0.25-0.31 7.77-7.93 

5 90 8º34'19''W 39º58'48''N 8+ 100-120 0.00-0.40 16.50-16.56 0.33-0.40 7.27-7.49 

6 108 8º28'35''W 40º06'45''N 5+ 50-80 0.20-0.29 16.61-16.86 0.48-0.56 7.50-7.66 

 7* 142 8º15'31''W 40º06'40''N 3.5+ 20-30 0.00-0.43 17.10-21.79 0.48-0.85 6.60-7.42 

8 100 8º11'10''W 40º14'56''N 11-14.5 60-120 0.10-0.68 13.76-14.46 0.02-0.03 7.00-7.78 

9 150 8º16'36''W 40º25'30''N 9+ 30-120 0.04-0.14 15.29-18.32 0.04-0.05 6.80-7.37 

10 160 8º09'10''W 40º27'23''N 20-24.5 50-80 0.07-0.27 14.82-20.81 0.04-0.08 6.54-7.38 

11 273 8º06'12''W 40º34'13''N 7-12 120+ 0.00-0.10 13.22-18.36 0.04-0.24 6.47-7.20 

12 207 8º03'11''W 40º28'52''N 10.5+ 50-90 0.23-0.46 14.50-20.42 0.04-0.09 6.91-7.00 

13 440 7º55'23''W 40º10'12''N 10+ 120+ 0.00-0.01 11.50-20.73 0.02-0.03 7.19-7.24 

14 300 7º50'24''W 40º26'09''N 4.5+ 40-60 0.08-0.30 13.07-20.10 0.07-0.11 7.08-7.20 

15 350 7º49'13''W 40º39'54''N 5+ 30-70 0.39-0.48 14.49-16.16 0.05.0.07 6.87-7.02 

16 450 7º34'30''W 40º40'18''N 7+ 50-120 0.00-0.21 12.37-19.08 0.04-0.54 6.40-6.68 

17 600 7º31'17''W 40º41'55''N 2-5 50-110 0.00-0.52 14.82-20.44 0.03-0.05 6.52-7.05 

18 840 7º24'56''W 40º26'56''N 3-5 30-60 0.00+ 11.91-19.67 0.01-0.02 6.50-7.12 

          

Site Con S1 S2 S3 S4 S5 S6 OC 
1 0.24-0.40 0.00+ 0.84-18.47 16.62-31.37 49.37-60.04 13.61-18.05 0.42-0.96 0.23-0.26 

   2*§ 0.58 0.00 3.70 50.89 34.01 5.30 6.10 1.75 

3 0.64-0.68 0.00+ 1.63-2.35 44.43-54.81 32.82-33.39 9.11-20.13 0.00-0.91 0.63-2.18 

4 0.34-0.48 26.34-59.08 18.21-46.53 17.88-23.53 2.89-3.63 0.26-0.80 0.39-0.46 0.25-0.58 

5 0.44-0.60 0.00-6.49 0.44-5.04 51.03-65.20 27.80-31.10 6.39-9.23 0.17-1.53 0.18-10.54 

6 0.62-0.87 0.00+ 10.12-31.79 22.72-61.21 4.92-10.62 0.13-30.09 1.95-27.00 2.42-4.81 

 7* 0.11-0.75 0.00-24.50 45.55-45.72 26.41-50.80 2.01-3.06 0.48-0.52 0.07-0.87 1.05-2.42 

8 0.04-0.04 47.44-72.76 27.06-45.95 0.68-6.02 0.00-0.23 0.00-0.06 0.00-0.30 0.00-1.24 

9 0.04-0.09 0.00-48.80 4.29-58.61 9.40-18.02 1.25-13.54 0.54-19.56 0.37-47.63 2.74-7.60 

10 0.05-0.11 0.00-78.65 18.09-31.72 3.06-45.36 0.11-13.68 0.09-6.29 0.00-2.95 1.06-7.37 

11 0.03-0.06 0.00-64.24 7.52-64.76 24.37-66.86 0.20-4.41 0.06-0.53 0.00-0.23 0.53-0.79 

12 0.06-0.14 7.41-71.20 23.89-52.87 4.15-32.57 0.53-4.99 0.16-1.62 0.01-0.53 0.42-0.43 

13 0.03-0.04 20.67-62.16 28.94-72.34 1.44-8.60 0.06-0.22 0.03-0.11 0.00-0.27 0.86-3.07 

14 0.09-0.16 4.46-11.51 67.91-71.09 15.06-20.71 0.38-4.36 0.26-2.55 0.11-2.49 0.61-3.41 

15 0.07-0.10 0.00-2.14 15.99-33.33 31.84-71.52 10.00-26.61 1.51-14.45 0.98-7.35 0.70-4.35 

16 0.05-0.08 0.00-14.89 18.74-60.17 21.71-72.54 2.68-6.59 0.32-1.59 0.15-1.59 0.67-11.35 

17 0.04-0.08 0.00-1.12 13.57-64.21 7.37-53.69 0.52-9.40 0.12-10.40 0.00-60.98 0.35-32.30 

18 0.02-0.03 26.66-46.38 36.18-53.77 14.43-18.86 0.67-1.29 0.34-1.25 0.15-2.59 2.19-5.87 

* for temporary streams, + for constancy of values among sampling campaigns, § for sites sampled just once. 
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Field and laboratory methods 

Sites were sampled seasonally, during summer and autumn of 2000 and spring of 2001, 

although some samples could not be collected at sites 2, 3 and 7 due to flooding or droughts. 

Winter sampling was not possible due to very strong discharge conditions at all sites.  

Macroinvertebrates were collected always by the same operator using a 30x30 cm kick 

net with a 250 µm mesh size and applying time limited samples (3 min.). Care was taken to 

include all possible major microhabitats in representative sections of the stream; however deeper 

rivers were sampled only to a depth of 120 cm. Samples were fixed in 100% ethanol, transported 

to the laboratory where they were rinsed using a sieve of 250 µm mesh size, sorted under 

magnification and preserved in 70% ethanol. All individuals in a sample were counted and 

identified to the family level, with some exceptions (e.g., Oligochaeta, Ostracoda), according to 

Tachet et al. (2000).  

On each sampling occasion, physical and chemical variables were measured at each 

site prior to invertebrate fauna and sediment sampling. Water temperature, dissolved oxygen, 

pH, total dissolved solids and conductivity were measured in field with a Data Sonde Surveyor 4 

portable probe. Water samples were collected below the water surface in the central region of 

watercourses, kept at 4 ºC, transported to Instituto do Ambiente and analyzed with certified 

methods within 24 hours, to determine concentrations of nitrates, nitrites, phosphates, ammonia 

and chlorophyll a. Current speed was measured using a model 105 Valeport current meter. 

Maximum depth was calculated from several measurements collected along a transversal profile 

across the stream. Channel width was measured directly as the mean of at least five 

measurements. Altitude, latitude and longitude for each site were obtained from 1:25 000 

topographic maps. Substrate samples were taken at the same reach, in connection with 

biological sampling, to estimate sediment grain size and total organic content. After drying the 

sediment at 60 ºC for 48 hours, sediment grain size was estimated into six different groups by 

sieving the substrate sample through an AFNOR type sieve battery (9.25 mm, 2.00 mm, 

0.50 mm, 0.25 mm and 0.063 mm) and weighing each fraction. Total organic content was 

obtained by deducting the ash weight, measured after ignition at 480 ºC for 12 hours, from the 

dry weight, measured after drying at 60 ºC for 24 hours (Pereira et al., 1997). Sediment 

concentrations of copper, zinc, aluminum, arsenic, lead and chromium were also analyzed by 

Instituto do Ambiente.  

All described variables were obtained for each site and sampling season, with the 

exception of cartographic variables. Appendix 2.1 provides a list of all environmental variables 

measured, their associated units and abbreviations used in this text. 
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Data analysis 

The Iberian BioMonitoring Working Party index (IBMWP), an adaptation of the British 

BMWP for the Iberian Peninsula, and the derived Iberian Average Score Per Taxon index 

(IASPT) (Alba-Tercedor & Sánchez-Ortega, 1988; Jáimez-Cuéllar et al., 2002) were used to 

assess pollution impacts.  

Macroinvertebrate abundance (N - expressed as the total number of individuals 

belonging to a taxon in a sample), taxon richness (S - expressed as the number of taxa in a 

sample), Shannon-Wiener’s diversity and (H’) Pielou’s evenness (J’) indices (using natural log) 

were calculated as descriptive measures of the benthic community for each site and sampling 

occasion (Legendre & Legendre, 1976). 

Friedman two-way analysis of variance by ranks test, followed by multiple comparisons 

between groups (Siegel & Castellan, 1988), was used to test for significant differences between 

seasons for total abundance, diversity, taxon richness and evenness, using each site as a 

replicate.  

Similarity percentage breakdown procedure (SIMPER) (Clarke & Warwick, 1994), 

included in the PRIMER 5.0 software package was used to determine the contribution of 

individual taxon (natural log-transformed) towards dissimilarity between and similarity within year 

seasons, using a cutoff point of 90%.  

Stepwise multiple regression analyses were performed to examine which environmental 

variables (Appendix 2.1) best explained the observed patterns in macroinvertebrate abundance, 

diversity, evenness and taxon richness. Pearson correlation coefficient was applied in order to 

identify significant relations between environmental variables. To avoid problems with the lack of 

independence of all pairwise comparisons the Dunn-Šidák correction with Holmes procedure 

was applied to this set of tests (Sokal & Rohlf, 1995). Regression and correlation analyses were 

conducted using the SPSS statistical software package (Anonymous, 1997).  

Canonical Correspondence Analysis (CCA) was performed with the software CANOCO 

for windows ver. 4.5 (ter Braak & Šmilauer, 2002) to analyze spatio-temporal variations in a taxa 

abundance reduced data set (family taxonomical level) and to identify relations between 

environmental (Appendix 2.1) and biological data. The ordination model used in each analysis 

was selected based on the length of the gradient as calculated by a Detrended Correspondence 

Analysis (Jongman et al., 1995). CCA were used since the gradient length of the first axis was 

always longer than 4 s.d. (Jongman et al., 1995). Four CCA were performed, one without 

seasonal segregation and the other three considering summer, autumn and spring data 

separately in order to find out if different environmental variables were responsible for seasonal 

macroinvertebrates community patterns. Since the number of environmental variables retained 

for each analysis should be considerably less than the number of sites included, a forward 
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manual selection of standardized (mean 0 and variance 1) environmental variables was 

performed, using a Monte Carlo permutation test (9999 unrestricted permutations) (ter Braak & 

Verdonschot, 1995). For each CCA performed, both the first axis and trace were tested for 

significance with a Monte Carlo permutation test (9999 unrestricted permutations, P<0.05) (ter 

Braak & Šmilauer, 2002). Preliminary correspondence analyses were performed to check 

whether specific groups of samples could be identified in the absence of environmental 

variables. 

The original taxa x samples matrix was reduced by removing only groups with a very low 

level of occurrence. Thus, for CCA analyses we considered taxa with [1] more than 95% of total 

abundance and [2] high abundance in a specific sampling site, which could demonstrate specific 

relations with specific environmental parameters (criteria were achieved after detailed inspection 

of biological data: for seasonal analyses - N>50 and coefficient of variation (CV)>4.00, N>100 

and CV>3.00, N>150 and CV>2.00; for total analysis - N>150 and CV>1.64, N>300 and 

CV>1.21, N>450 and CV>0.86). Despite the relatively recent debate on rare taxa importance 

(Cao et al., 1998; Cao & Williams, 1999; Marchant, 1999), the reduction in taxa data set was 

performed in order to simplify ordination diagrams since no major differences are expected (ter 

Braak & Šmilauer, 2002).  

All analyses were conducted on natural log-transformed [ln (x+1)] abundance values in 

order to reduce the influence of abundant taxa (ter Braak & Šmilauer, 2002). 

 

 

Results 

Environmental variables 

All sites showed considerable seasonal differences in water temperature, current speed 

and average depth but pH values were always close to neutral (6.40-8.18) (Table 2.1). At most 

sites, dissolved oxygen values were generally high during spring but decreased from summer to 

autumn due to reductions in river flow (Table 2.2). Conductivity values ranged from 0.02 to 

0.86 mS cm-1, always with the lowest values at higher altitudes. Total dissolved solids showed a 

similar pattern to the previous variable (Table 2.1). 
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Table 2.2. Biological water quality indices, descriptive measures of the invertebrate community and environmental 

parameters that might be related to human disturbance. See appendix 2.1 and data analysis for units and abbreviations 

 Sites IBMWP IASPT S N H' J' DO NO3 NO2 NH4 P2O5 Chl-a

1 80 4.21 20   3234 1.01 0.34 9.03 21.00 0.14 0.08 0.20 0.75
2 Dry 
3 87 3.48 25   2239 1.39 0.43 10.07 8.21 0.23 0.08 0.20 44.80
4 212 4.71 45   4728 1.88 0.49 8.37 14.70 0.08 0.08 0.30 1.15
5 135 5.40 25   2615 1.50 0.47 10.16 10.70 0.05 0.08 0.20 0.40
6 164 5.13 32   3042 2.27 0.66 8.13 6.31 0.12 0.08 0.20 0.38
7 31 3.10 10     412 0.97 0.42 0.23 1.00 0.05 48.00 11.00 1.10
8 163 5.26 31   2360 2.26 0.66 11.04 1.86 0.05 0.08 0.20 0.58
9 228 5.85 39   2191 2.20 0.60 7.31 3.59 0.05 0.08 0.20 0.92
10 113 5.14 22   3407 1.47 0.48 9.48 7.39 0.05 0.08 0.20 2.54
11 205 6.41 33   7026 1.08 0.31 6.41 3.80 0.05 0.08 0.20 2.89
12 208 5.62 37   2807 2.34 0.65 8.20 8.89 0.05 0.08 0.42 0.64
13 243 6.23 39   5808 2.52 0.69 7.78 1.18 0.05 0.08 0.20 4.44
14 187 5.05 37   5851 1.58 0.44 7.68 3.80 0.05 0.08 0.36 0.35
15 344 5.64 63   9028 2.19 0.53 9.15 10.60 0.05 0.11 0.20 0.75
16 147 5.44 27   1896 1.36 0.41 6.37 1.42 0.05 0.08 0.20 1.62
17 258 5.73 45 20704 1.00 0.26 8.60 1.00 0.05 0.08 0.20 2.63

Su
m

m
er

 

18 275 5.61 49   3820 2.36 0.61 6.87 1.00 0.05 0.08 0.20 0.81

              
1 107 4.86 24   556 2.03 0.64 10.81 20.00 0.05 0.08 0.20 0.64
2 Dry 
3 50 3.57 14 4606 0.41 0.16 8.79 7.76 0.22 0.17 0.20 4.04
4 238 5.41 45 3460 1.97 0.52 6.45 11.10 0.05 0.08 0.20 0.42
5 167 5.39 31 2666 2.00 0.58 5.99 1.00 0.05 0.08 0.20 0.69
6 120 4.80 25 5555 1.83 0.57 8.00 5.63 0.05 0.08 0.20 0.92
7 Dry 
8 182 5.69 32 3377 2.00 0.58 10.34 1.35 0.05 0.08 0.20 1.39
9 163 5.62 30 2700 1.61 0.47 6.96 1.45 0.05 0.08 0.20 0.86
10 195 6.29 31 3897 1.61 0.47 4.59 6.26 0.05 0.19 0.20 0.81
11 191 6.16 32 1201 1.89 0.55 4.35 2.46 0.05 0.08 0.20 0.58
12 169 5.63 30 1099 1.69 0.50 3.86 6.75 0.05 0.08 0.76 1.27
13 295 6.41 46 4427 2.59 0.68 7.64 1.00 0.05 0.08 0.20 0.92
14 190 5.28 36 3799 2.22 0.62 3.95 6.42 0.05 0.08 0.38 0.56
15 218 5.74 39 2355 2.45 0.67 3.67 6.49 0.05 0.08 0.20 0.69
16 78 4.59 18   367 1.67 0.58 3.15 1.00 0.05 0.08 0.20 4.08
17 168 5.60 30   888 1.49 0.44 3.72 1.00 0.05 0.10 0.20 3.88

A
ut

um
n 

18 120 6.32 19 1947 1.28 0.44 3.93 1.00 0.05 0.08 0.20 1.62

              
1 34 4.25 9       21 1.66 0.75 9.31 14.00 0.12 0.08 0.21 0.92
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2 118 4.37 28 14264 1.43 0.43 11.65 5.90 0.05 0.08 0.20 0.86
3 Flood 
4 115 5.00 23   2099 1.14 0.36 9.20 10.00 0.11 0.08 0.22 1.42
5 95 5.28 18   1304 1.80 0.62 9.67 9.50 0.05 0.08 0.20 0.33
6 118 4.54 26   6239 1.52 0.47 8.43 5.00 0.05 0.08 0.20 0.33
7 111 5.29 21   5849 0.85 0.28 8.51 1.00 0.05 0.90 0.58 0.35
8 126 5.73 22   4155 1.70 0.55 10.67 1.60 0.05 0.08 0.20 0.81
9 135 5.63 25     786 2.02 0.63 9.35 1.80 0.05 0.08 0.20 0.33
10 96 6.00 16     178 1.75 0.63 10.21 1.90 0.05 0.08 0.20 0.70
11 154 6.70 23     672 1.79 0.57 9.82 5.00 0.05 0.08 0.20 0.35
12 144 5.54 26   3205 1.34 0.41 9.59 4.80 0.05 0.08 0.20 0.52
13 185 6.17 30   3742 1.36 0.40 9.40 1.00 0.05 0.08 0.20 0.70
14 173 5.41 32   6206 1.72 0.50 9.05 4.20 0.05 0.08 0.30 0.33
15 159 5.89 27   1314 1.70 0.52 9.87 3.60 0.05 0.08 0.20 0.34
16 149 5.96 25   2167 1.68 0.52 9.08 1.00 0.05 0.08 0.20 0.33
17 170 6.07 28   1840 1.66 0.50 9.05 1.10 0.05 0.08 0.20 0.52

Sp
rin

g 

18 95 5.59 17     736 1.13 0.40 9.27 1.00 0.05 0.08 0.20 3.01
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Detecting disturbed sites  

Considering all sampling occasions and sites, 178845 individuals belonging to 

103 invertebrate taxa were collected, including 84 insect families (Appendix 2.2).  

Biological water quality indices, descriptive measures of benthic communities, dissolved 

oxygen levels and nutrient concentrations that might be related to human disturbance are shown 

in table 2.2. Sediment metals and metalloids concentrations never exceeded Crommentuijn et 

al.’s (2000) maximum permissible concentrations and only on four sites in one sampling 

occasion and one site (site 7) in two sampling occasions exceeded Crommentuijn et al.’s (2000) 

negligible concentrations and were therefore not presented or used in subsequent analyses. 

IBMWP and IASPT indices indicated either a good or very good water quality level for 

most sampled sites during all three sampling occasions, with the exception of three sites during 

specific sampling events:  

[1] site 7 during summer, which presented low IBMWP and IASPT values indicating a 

very polluted water quality. This site had the lowest diversity value and about 75% of the 

individuals collected belonged to the Psychodidae family. In addition, most of the taxa found at 

this site were atmospheric air breeding or able to resist to the low oxygen concentrations 

observed during summer (e.g., Chironomidae, Oligochaeta) (see table 2.2 for oxygen 

concentrations).  

[2] site 3 during autumn, also with low IBMWP and IASPT values, therefore being 

classified as having polluted water quality. Only 14 taxa were present and over 90% of 

organisms belonged to the Corixidae family, resulting in the lowest diversity and evenness 

values measured during this study. 

[3] site 1 during spring, was classified as presenting very polluted water quality  based 

on the low IBMWP value obtained. Only 21 individuals belonging to nine different taxa were 

collected at this site and over 50% of those collected belonged exclusively to the gastropod 

family Hydrobiidae. 

These three sites were removed from further analyses, as their inclusion might confound 

the identification of major natural environmental patterns and gradients that control benthic 

community structure. 

 

Macroinvertebrate community structure 

After removing the potentially disturbed sites (all sampling occasions), a total of 

161928 individuals belonging to 99 invertebrate taxa were retained for following analyses. 

Aquatic insects composed 77.3%, 70.9% and 82.9% of the benthic community during summer, 

autumn and spring, respectively, and were dominated by Diptera and Ephemeroptera, especially 
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during spring (Figure 2.3). Non-insects were dominated by molluscs particularly during summer 

and autumn (Figure 2.3). 

 

 
 

Similarity between sites in each sampling campaign was relatively high due primarily to 

the abundance of Diptera, Ephemeroptera, Trichoptera and Coleoptera during summer and to 

the abundance of Diptera, Ephemeroptera and Coleoptera during autumn and spring (cumulative 

contribution over 50% in SIMPER analysis) (Figure 2.3). Average dissimilarities among seasons 

exhibited values around 30% to which no invertebrate group contributed more than 12%. 

Therefore, considering major taxonomic groups, the invertebrate community was similar among 

sites and among seasons. When the same analysis was performed at the family level, the 

average similarities between sites within a season decreased to approximately 25-30% (mainly 

due to the extensive presence and abundance of the Chironomidae and Baetidae families) and 

average dissimilarities between seasons increased to levels above 70%, indicating that at the 

family level, invertebrate community composition differed among seasons and among sites within 
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14- Annelida 
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Figure 2.3 - Seasonal abundance (total number of individuals) of the 14 main groups of 

macroinvertebrates. Pie graphs areas are proportional to seasonal captures. Percentages inside 

pie graphs are similarity between sites within the same season, while percentages between pie 

graphs are dissimilarity between seasons derived from SIMPER analysis considering the 14 

mentioned taxa. Data from disturbed sites 1, 3 and 7 were excluded. 
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the same season. Although all families contributed less than 25% to either dissimilarity values 

between seasons or similarity values between sites within seasons (15 to 19 taxa to fulfill the 

90% cut off), 12 families occurred exclusively in summer, four in autumn and three in spring. 

Additionally, three families were only present in spring and summer, three others in spring and 

autumn and 12 in summer and autumn.  

There were no significant differences between seasons for abundance and family level 

diversity and evenness (Table 2.3). In contrast, taxon richness was significantly lower during 

spring than during the remaining seasons (Table 2.3). In general, this metric ranged from a 

minimum value of 16 taxa in spring to a maximum of 63 in summer, with sites sampled during 

this last season showing higher mean and median number of taxa. Site 15 had the highest 

disparity between summer and spring with a total difference of 36 taxa. 

 

 

Table 2.3. Descriptive statistics of diversity metrics of benthic invertebrate communities for each season and results of 

Friedman tests between seasons using each site as replicate: seasons underlined were not significantly different. Data 

from disturbed sites 1, 3 and 7 were excluded. Diversity metrics were calculated using family taxonomic data. Sm -

 summer, At - autumn and Sp - spring. See data analysis for abbreviations 

Measure Season N sites Mean Median Inter quartile range 
(25%-75%) Friedman Test* 

 Sm 14 5377.36 3613.5 2663.00-5840.25 

N At 14 2695.57 2683.0 1387.50-3714.25 

 Sp 15 3260.47 2099.0 1045.00-3948.50 

χ2=1.86; df=2; P=0.395 
 

Sm  At  Sp

 Sm 14 37.43 37 31.25-43.50 

S At 14 31.71 31 30.00-35.00 

 Sp 15 24.40 25 22.50-27.50 

χ2=17.49; df=2; P<0.001 
 

Sm  At  Sp 

 Sm 14 1.86 2.04 1.48-2.26 

H’ At 14 1.88 1.86 1.62-2.00 

 Sp 15 1.67 1.70 1.44-1.77 

χ2=3.00; df=2; P=0.223 
 

Sm  At  Sp

 Sm 14 0.52 0.51 0.44-0.64 

J’ At 14 0.55 0.56 0.49-0.58 

 Sp 15 0.50 0.50 0.42-0.56 

χ2=0.57; df=2; P=0.751 
 

At  Sm  Sp

*Comparisons were performed using the 14 sites sampled during the three seasons.  
 

 

Multiple regression analysis revealed that macroinvertebrate abundance was positively 

correlated to sediment organic content and dissolved oxygen (Table 2.4). No significant models 

were found for diversity or evenness as dependent variables.  
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Table 2.4. Significant stepwise multiple regression relationships between environmental variables and descriptive 

measures of benthic invertebrate community. No significant models were found for diversity or evenness as dependent 

variables. Data from disturbed sites 1, 3 and 7 were excluded. See appendix 2.1 and data analysis for units and 

abbreviations 

Dependent 
variable 

Independent 
variables r2 F df sig Significant

predictor β t sig.  

N environmental 
parameters 0.467 15.350 2, 37 <0.001

 
Constant 
OC 
DO 

 
-1669.90 

440.18 
538.38 

 
5.156 
2.686 

 
<0.001 
<0.05 

 
S 

 
seasons (as dummy 

variables) and 
environmental 

parameters 

0.543 8.785 5, 42
 

<0.001

 
Constant 
Spring 
CW 
DO 
TDS 
Chl a 

 
38.48 

-16.15 
-0.99 
1.58 

-22.33 
-2.54 

 
 
-5.714 
-3.744 
 2.575 
-2.895 
-2.312 

 
 
<0.001 
<0.001 
<0.001 
<0.05 
<0.05 

 

 

Since taxon richness was significantly different between seasons as previously shown by 

the Friedman test (Table 2.3), regression analysis for this metric was performed with a new 

subset of independent variables to which sampling seasons were added as a dummy variable. 

Spring, channel width, total dissolved solids, chlorophyll a and dissolved oxygen were the 

variables included in the significant explaining model, the first four presenting an inverse relation 

with the number of taxa, while a direct relation was found with the last one (Table 2.4). 

Significant correlations between environmental variables are shown in table 2.5. 

 

 

Table 2.5. Significant correlations between environmental variables across all sites (except 1, 3 and 7) and sampling 

occasions. Provided are the Pearson’s correlation coefficients. See appendix 2.1 for units and abbreviations 

Variable Alt CW pH Con S1 S2 S3 S4 S5 S6 OC WT TDS

Alt -             

CW  -            

pH -0.51**  -           

Con -0.48**  0.63** -          

S1  0.47*   -         

S2    -0.47*  -        

S3     -0.68**  -       

S4     -0.52** -0.59** 0.57** -      

S5    0.56**  -0.47**   0.48* -     

S6     -0.30* -0.35*   0.67** -    

OC          0.74** -   

WT            -  

TDS -0.52**  0.64** 0.94**    0.48** 0.54**    - 
Only significant correlations are shown as * P<0.05 and ** P<0.01 after Dunn-Šidák correction with Holmes procedure. 
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Environmental gradients 

The CCA ordination of 22 macroinvertebrate taxa (after applying the selection criteria), 

43 samples (14 summer, 14 autumn, 15 spring) and 17 environmental variables (Figure 2.4a) 

resulted in a significant model as showed by Monte Carlo permutation test (trace = 0.31,  

F-ratio = 4.90, P<0.001). The significant environmental variables that best explain the variability 

of macroinvertebrate taxa were: altitude, current speed, channel width, dissolved oxygen, 

conductivity and the percentage of coarse-grained substratum (S1). The four ordination axes 

explained 41.2% of total variance in biological data and 91.7% of total explainable data when 

using the six retained environmental variables. Altitude and conductivity presented the highest 

correlation values with the first ordination axis (1st eigenvalue = 0.126) reflecting a spatial 

gradient from mountain sites with low water conductivity to lower areas with higher conductivity 

values (Figure 2.4a). Fine-grained sand variables (S6, S5 and S4) were plotted as 

supplementary variables to show the existence of a sediment grain-size gradient that goes along 

with that previous pattern. The orientation of the channel width vector is due to a significant 

correlation with the percentage of coarse-grained substratum (Table 2.5). Seasonal replicates for 

individual sites showed little variability along this spatial gradient with exception of sites 6 and 13. 

The second ordination axis (2nd eigenvalue = 0.074) represents a seasonal gradient in dissolved 

oxygen and current speed as indicated from the distribution of observations along this axis:  

[1] autumn samples with lower dissolved oxygen and current speed near the diagram top and  

[2] spring observations with higher dissolved oxygen and current speed near the diagram bottom. 

Most sites presented a large vertical variation (except for sites 6 and 13) and respected the 

seasonal gradient (except for sites 6, 13 and 17). The changes along the gradients observed for 

sites within the same river (sites 10 and 11, see figure 2.1) suggested that upstream summer 

and spring biological and environmental conditions are similar to downstream autumn and 

summer conditions, respectively. 

Seasonal CCA were performed in order to find out if the spatial pattern structuring the 

macroinvertebrate assemblages would change when removing the temporal effect (Figures 2.4b, 

4c, and 4d). In these constrained ordinations all canonical axes were statistically significant  

(F-ratioSm = 2.91, F-ratioAt = 3.08, F-ratioSp = 4.46, P<0.01). Approximately 65.1%, 61.8% and 

68.1% of total variance in taxon abundance was accounted by the first four ordination axes for 

the summer, autumn and spring CCA, respectively. Summer data ordination (26 taxa, 14 sites, 

and 17 environmental variables) retained only conductivity as a significant environmental 

variable, while autumn (24 taxa, 14 sites, and 17 environmental variables) and spring (15 taxa, 

15 sites, and 17 environmental variables) retained two more variables: channel width and 

altitude, and current speed and dissolved oxygen, respectively. In each season specific CCA, the 

highest correlation with the first ordination axis (1st eigenvalueSm = 0.131, 1st eigenvalueAt= 0.158, 

1st eigenvalueSp = 0.155) was always with conductivity (Figures 2.4b, 2.4c and 2.4d).  
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Figure 2.4 - Diagrams of Canonical Correspondence Analysis of taxa invertebrate abundance divided into 
a) biological data of 43 sites with six significant environmental variables (P<0.01) and three supplementary 
variables, b) summer data of 14 sites with one significant environmental variable (P<0.05), c) autumn data of 
14 sites with three significant environmental variables (P<0.05), d) spring data of 15 sites with three 
significant environmental variables (P<0.05). Horizontally-first ordination axis, Vertically- second ordination 
axis. Macroinvertebrate taxa abbreviations: Lep – Leptophlebiidae; Eph – Ephemeridae; Cae – Caenidae; 
Ephl – Ephemerellidae; Bae – Baetidae; Hep – Heptageniidae; Nem – Nemouridae; Leu – Leuctridae, Gom – 
Gomphidae; Dyt – Dytiscidae; Elm – Elmidae; Phi – Philopotomidae; Hyd – Hydropsychidae; Hydr – 
Hydroptilidae; Lepi – Lepidostomatidae; Lept – Leptoceridae; Calm – Calamoceratidae; Ser - 
Sericostomatidae; Sim – Simulidae; Chi – Chironomidae; Ath – Athericidae; Hid – Hidracarina; Gam – 
Gammaridae; Ner – Neritidae; Hydb – Hydrobiidae; Anc – Ancylidae; Lym – Lymnaeidae; Phy – Physidae; 
Sph - Sphaeridae; Ost – Ostracoda; Oli – Oligochaeta. Site symbols sampled during summer- open circles, 
autumn- doubled circles and spring- closed circles. Significant environmental variables- solid arrows, 
supplementary environmental variables- dashed arrows. Environmental variables abbreviations: see 
appendix 2.1. The length of the arrow is a measure of the importance of the variable and the arrowhead 
points at the direction of increasing influence. Correlations values of environmental variables with first two 
axes, cumulative percentage variance of species data and species-environment data, total inertia and trace 
of each ordination analysis are also given. Data from disturbed sites 1, 3 and 7 were excluded. 
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When altitude and channel width entered the autumn ordination model 

(2nd eigenvalueA t= 0.113) a spatial pattern very similar to that found in figure 2.4a was obtained. 

In the spring CCA the two other in-stream variables were responsible for establishing an 

environmental gradient along the second ordination axis (2nd eigenvalueSp = 0.106) related with 

the increasing water volume during this season.  

As said before in the macroinvertebrate community structure section, the differences 

detected between seasonal community structures resulted from the presence of taxa unique to 

individual seasons. Those were excluded from these constraint ordinations by both selection 

criteria (see data analysis section) and, even if included, their contribution to these weight-based 

analyses would probably be very small as their abundances were low (all less than 

50 individuals). However, it was still possible to observe that seasonal changes in benthic 

community composition resulted from an increase in the abundance of lentic-type organisms as 

the ones belonging to Odonata and Coleoptera orders during autumn. Families belonging to 

these orders are known to be related with low flow conditions, being therefore present in the 

negative sections of the dissolved oxygen and current speed gradients in these CCA diagrams. 

Concerning the spatial gradient, CCA plots revealed a positive loading of non-insects taxa on the 

first axis. Accordingly, mainly gammarids and molluscs but also ostracods tended to be more 

abundant in lowland watercourses with higher conductivity values (sites 4, 5, 6 and 2 when 

sampled).  

 

 

Discussion 

Validation of undisturbed sites 

To identify natural gradients or environmental variables structuring natural invertebrate 

assemblages in the Mondego River basin, disturbed sites had to be removed. As stated by 

Hering et al. (2004), the major degradation factor affecting Southern Europe areas is organic 

pollution. Therefore, IBMWP and IASPT indices were selected as the main criteria for detecting 

disturbed sites since they reflect the level of organic pollution on a larger temporal scale when 

compared to physicochemical measurements. However, a stream community might be naturally 

poor, either qualitatively or quantitatively (Richards & Minshall, 1992; Gasith & Resh, 1999), thus 

measurements of environmental parameters and diversity indices can help to evaluate if 

communities are anthropogenically disturbed (e.g., site 7 during summer) or if observed 

variations are intrinsic of natural processes occurring at a site (e.g., intermittency). For instance, 

site 7 during spring showed high values of IBMWP and IASPT indices; yet evenness and 

diversity indices were very low. A closer look at biological data showed that over 90% of 

captured organisms at that site were Chironomidae and Oligochaeta, both of which are tolerant 
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to organic pollution and habitat disturbance (Hynes, 1970), and that the high values obtained for 

the two water quality indices were due to the presence of single individuals of Leptophlebiidae, 

Ephemeridae, Heptagenidae, Gomphidae and Cordulegasteridae (high scored in the IBMWP) 

and seven other families, accounting for more than 65% of the IBMWP value. Since evenness 

and diversity indices consider taxa abundance, they provide information in addition to IBMWP 

and IASPT values. For example, very low levels of diversity and evenness and high values of 

IBMWP were also obtained at sites 17 and 11 during summer, but here approximately 10 high 

scoring families in the IBMWP index were collected at each site, most of them well represented. 

In addition, high concentrations of sediment heavy metals or water nutrients were not found. 

Consequently, the low values of diversity observed at these sites appear to be indicative of 

communities with naturally low diversity rather than ones degraded due to human disturbance. 

Actually, some stable undisturbed communities and not only highly disturbed systems have been 

shown to have diversity values less than those found in communities with an intermediate 

frequency of disturbance (Huston, 1979; Washington, 1984). The low diversity values at sites 1 

and 7 during summer and site 3 during autumn are also accordant with the same theory as they 

were undoubtedly disturbed due to organic pollution or nutrient enrichment. Many 

comparisons/correspondences made between diversity and biotic indices are sometimes 

misleading as one index reflects community structure while the other the physiological response 

of indicator species to one type of pollution (Washington, 1984). However, when determining 

levels of stress where organic pollution is the main stressor valuable information can still be 

obtained from diversity changes (influenced by any stress and other features like substrate type) 

coupled with biotic indices (mainly influenced by organic pollution) and physicochemical 

measurements since the community structure is the final result of every physiological response 

to natural, pollution induced stresses or environmental gradients in a given system.  

 

Macroinvertebrate community structure 

Taxon richness at the family level was the only descriptive measure of the benthic 

community significantly different between seasons, being lower during spring. The maximum 

taxon richness occurred during summer and was higher than values obtained in previous studies 

of this same basin (48 invertebrate families in Graça et al., 2002). Multiple regression analysis 

with taxon richness as dependent variable, confirmed that spring statistically contributed to the 

existence of fewer taxa. Therefore, it is probable that large-scale climatic conditions control 

species richness to some degree, as previously stated by Malmqvist & Hoffsten (2000). One 

explanation could be that the high discharge conditions during spring resulting from an atypically 

strong wet winter (see figure 2.2), led to a decrease in habitat availability and a consequent 

reduction in taxa (Morais et al., 2004), since hydraulic properties are known to influence the 

quantity and quality of available habitats (Vinson & Hawkins, 1998). Quinn & Hickey (1990) 
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reported a similar situation stating that silty and sandy substrates and recent severe flooding 

caused low biomass and taxon richness. Besides that, channel width, total dissolved solids, 

dissolved oxygen and chlorophyll a also explained part of taxon richness variation. Stream size 

variables, such as channel width were characterized as large-scale factors according to 

Malmqvist & Hoffsten (2000) since they result of a site’s location along the river continuum. In the 

present study, as in several others (e.g., Lenat, 1988; Malmqvist, 1999; Malmqvist & Hoffsten, 

2000; Wiberg-Larsen et al., 2000), this variable was among the best predictors for taxon 

richness. This is not surprising since detectable differences in community structure should be 

expected as streams become larger (Vannote et al., 1980). Total dissolved solids and the highly 

correlated conductivity (see table 2.5) are regional-scale factors that behave as proxies for the 

two hydrogeological regions of the Mondego River basin, dividing siliceous streambeds from 

calcareous ones, and thus acting as a large-scale geological factor. Whereas Vinson & Hawkins 

(1998 and papers cited within) suggested that taxon richness is positively related to increasing 

cation concentration, our regression analysis indicates that those stream sections with less 

diverse substrate and lower levels of oxygen, located in calcareous areas with higher 

conductivity [dissolved salts concentration, which can stimulate primary production (Nisbet & 

Vernaux, 1970; Graça et al., 1989)] had lower taxon richness. This environmental scenario 

seems to fit the description of the calcareous region of the Mondego River basin in opposition to 

upstream areas.  

As showed by the corresponding multiple regression model, abundance increased with 

higher concentrations of dissolved oxygen and organic content of sediment indicating that 

abundance variability could be related to trophic processes as inferred by Beisel et al. (1998), 

being clear that aquatic organisms are likely to aggregate where they can easily access food 

supplies (Beisel et al., 2000). Previous studies have shown that invertebrate density and 

abundance are positively related with organic matter (e.g., Egglishaw, 1964; Corkum, 1992; 

Rempel et al., 2000; Ravera, 2001).  

 

Environmental gradients 

Although the CCA across all seasons showed that a considerable part of the variation in 

benthic communities was explained by the environmental variables measured, several other 

abiotic and biotic factors not considered here, such as food resources (Peeters et al., 2004) and 

species interactions (e.g., Kohler, 1992), could also affect benthic community structure. Recent 

studies (e.g., Malmqvist & Hoffsten, 2000; Sandin, 2003; Sandin & Johnson, 2004) have shown 

that a combination of both in-stream measured variables (e.g., substratum, water chemistry, 

current speed) as well as larger-scale factors (e.g., climate parameters, altitude, latitude, 

longitude, hydrogeology) explain benthic invertebrate community variation. A similar pattern can 

be seen in the present study where both large-scale factors such as streambed geology (inferred 
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by conductivity), altitude and channel width and local factors including substrate type (S1) and 

hydraulic conditions (current speed, dissolved oxygen) affect the community composition at 

family level. The most significant natural environmental-gradient affecting invertebrate 

distribution in the Mondego River basin was a spatial variation of sediment grain size, altitude 

and streambed geology explained by conductivity. Thus, high altitude sites with coarser sediment 

and lower values of conductivity seem to contain different invertebrate communities from those 

inhabiting lowland watercourses with higher conductivity values and fine-grained sediment. The 

latter were characterized especially by the presence of Gammaridae assemblages, a family 

known to inhabit calcareous waters (Tachet et al., 2000). In several other studies the same 

factors showed strongest correlation with the primary ordination of sampling sites (e.g., 

Townsend et al., 1983, Wright et al., 1984). Conductivity was also among the main factors in 

structuring invertebrate assemblages of two other southern Portuguese basins (Pires et al., 

2000; Aguiar et al., 2002), while altitude and substratum conditions are well known as being 

important for the distribution of benthic organisms (e.g., Graça et al., 1989; Quinn & Hickey, 

1994; Beisel et al., 2000; Rempel et al., 2000; Rae, 2004).  

Discharge in the Mondego River basin is a function of rainfall and regularization in major 

rivers, ranging from floods to flow cessation in some small streams. In our study, variables such 

as current speed and dissolved oxygen were highly variable during the year due particularly to 

formation of isolated stagnant pools during the exceptional dry autumn and to river discharge 

increase from autumn to spring (see Figure 2.2). Benthic communities respond to this temporal 

gradient as exhibited along the second axis of total CCA. Similar patterns have been observed 

by Rossaro & Pietrangelo (1993) and Morais et al. (2004) in other Mediterranean rivers. Not 

surprisingly, current speed and other hydraulic variables, frequently related to climatic conditions 

variability, are almost always among the factors best related to benthic community composition in 

running waters (e.g., Wright et al., 1984; Statzner & Higler, 1986; Corkum, 1989; Quinn & 

Hickey, 1994; Sandin, 2003; Sandin & Johnson, 2004). The biotic pattern present along the 

second axis was similar to that observed in a preliminary correspondence analysis which 

excluded environmental factors. This indicates that community composition by itself affects the 

ordination of sampling sites when axes are not constrained by environmental data. The fact that, 

in this basin, most of the macroinvertebrates were insects that spend only the larval stage in the 

aquatic environment and show species-specific differences in emergence, birth and death rates 

could explain the marked seasonality. The biological community followed the expected variation 

with lentic-type organisms as the ones belonging to Diptera, Odonata, Coleoptera and Mollusca 

groups occurring during the stagnant/lentic period (Cortes et al., 1998) but no gradient related to 

pollution tolerance was found since sensitive-pollution taxa like Athericidae and Gomphidae 

(Jáimez-Cuéllar et al., 2002) were found in the lentic extreme of the seasonal axis. 
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By sampling and analyzing family data seasonally it was possible to: [1] reinforce the 

water chemistry importance since conductivity (streambed geology) was always the stronger 

natural-gradient explaining invertebrate community changes (seasonal CCA); this variable 

should be strongly related with the among-site variability showed by SIMPER analysis; 

concordantly with Furse et al. (1984), similar site ordination patterns were obtained when using 

data derived from one season (seasonal CCA) compared with three seasons (total CCA), 

specially in the spring case; [2] identify an apparent shift in biological conditions along the year. 

SIMPER analysis had shown different invertebrate family composition between seasons, which 

according to the information given by CCA analyses, results from hydrological variations. 

 

 

Conclusions  

The present study has demonstrated relationships between abiotic environment and 

macroinvertebrate communities in the Mondego River basin. Of four descriptive measures of the 

benthic invertebrate community tested, only abundance and taxon richness related to 

environmental factors. Taxon richness was highly associated with hydraulic-related parameters 

controlled by climatic conditions, while invertebrate abundance related with food availability. The 

ordination results indicated a spatial and a temporal variation in invertebrate community structure 

of undisturbed areas of the Mondego River basin. Among-site natural variability in community 

structure was related primarily to conductivity, a seasonally stable chemical feature resulting 

from hydrogeology, but also to sediment grain size and altitude. Among-season variations in 

invertebrate communities were related to current speed, channel width and dissolved oxygen 

that easily fluctuate along the year in response to climatic and hydrological conditions. Therefore, 

both community structure and taxon richness appear to be regulated through a multiplicity of 

factors operating at both local and larger spatial scales. The invertebrate structural pattern found 

here is more similar to those in Mediterranean rivers (e.g., Rossaro & Pietrangelo, 1993) rather 

than those in northern temperate Portuguese rivers, where seasonality is not as evident (Cortes, 

1992). With respect to environmental assessment, results of this study indicate that the best 

sampling periods to assess the benthic diversity in this basin may be late spring or early 

summer, when communities are not subjected to high flows or water depletion. In addition, two 

main biological regions were identified, distinguishable by the presence of Gammaridae 

assemblages (similar to what Ehlert et al. (2002) have found), which may be important in a future 

bio-regionalization approach of this basin. Further studies considering multiple spatial-scales 

factors and addressing the importance of rare taxa should be performed and future attempts to 

explain benthic macroinvertebrates structure should always include detailed descriptions of 

hydrology and seasonally variable parameters. 
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Appendix 2.1. Environmental variables measured and their units, abbreviations and use in multivariate analyses 

 Variables Units Abbreviations Considered in CCA and 
Stepwise regressions 

 Altitude m Alt X 

 Latitude degreesºminutes’seconds’’N Lat  

 Longitude degreesºminutes’seconds’’W  Lon  

Water     

 Current speed m s-1 CS X 

 Channel width m CW X 

 Depth cm Dep X 

 pH  pH X 

 Dissolved oxygen mg l-1 DO X 

 Conductivity mS cm-1 Con X 

 Water temperature ºC WT X 

 Total dissolve solids g l-1 TDS X 

 Chlorophyll a mg m-3 Chl a X 

 Nitrates mg l-1 NO3  

 Nitrites mg l-1 NO2  

 Phosphates mg l-1 P2O5  

 Ammonia mg l-1 NH4  

Substrate     

 Aluminum mg kg-1   

 Arsenic mg kg-1   

 Lead mg kg-1   

 Copper mg kg-1   

 Chromium mg kg-1   

 Zinc mg kg-1   

 S1*- coarser % S1 X 

 S2* % S2 X 

 S3* % S3 X 

 S4* % S4 X 

 S5* % S5 X 

 S6*- finer % S6 X 

 Organic content % OC X 
*Grain size classified as S1 if >9.25mm, S2 if <9.25mm but >2 mm, S3 if <2 mm but >0.5 mm, S4 if <0.5 mm but 

>0.25 mm, S5 if <0.25 mm but >0.063 mm and S6 if <0.063 mm. 
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Appendix 2.2- List of invertebrate taxa recorded during the study of 18 sampling sites in the Mondego River basin. 

Numbers provided indicate the total number of sites at which each taxon occurred during each season: Sm- summer, At- 

autumn and Sp- spring 

Taxa Sm At Sp  Taxa Sm At Sp

 Leptophlebiidae 8 5 13   Limnephilidae 10 6 6 
 Potamanthidae 1     Goeridae 3 2 1 
Ephemeroptera Ephemeridae 3 5 5   Lepidostomatidae 7 7 6 
 Caenidae 15 15 12   Brachycentridae 4 1 2 
 Ephemerellidae 10 5 14  Trichoptera Thremmatidae 1   
 Baetidae 17 15 17   Leptoceridae 11 13 3 
 Oligoneuriidae 1     Calamoceratidae 7 9 1 
 Heptageniidae 9 5 7   Sericostomatidae 6 6 3 
 Nemouridae 4 2 2   Beraeidae 1   
Plecoptera Leuctridae 11 11 10   Helicopsychidae 2 1  
 Perlodidae 2  2   Psychodidae  7 6 3 
 Chloroperlidae   3   Blephariceridae 1   
 Lestidae 4 6    Dixidae 4 3 1 
 Calopterygidae 4 7 3   Culicidae 2 1  
 Platycnemididae 2 3    Simuliidae  12 10 11 
Odonata Coenagrionidae 4 8 1   Thaumaleidae 4   
 Gomphidae 10 13 11   Ceratopogonidae 15 12 14 
 Aeshnidae 10 7 6  Diptera Chironomidae 17 16 17 
 Cordulegasteridae 3 7 4   Tipulidae  6 8 8 
 Libellulidae 2 6    Limoniidae  8 2 9 
 Corduliidae  1 1   Stratiomyidae 1 1  
 Notonectidae 5 3 1   Empididae  13 8 6 
 Naucoridae 3 1    Rhagionidae  3 2 5 
 Aphelocheiridae  4 3 6   Athericidae 12 12 8 
 Nepidae 6  1   Tabanidae 2 2  
Heteroptera Corixidae 5 7 1   Syrphidae 2  1 
 Pleidae 1     Ephydridae  4 1 2 
 Hydrometridae 4     Sciomyzidae  1 1  
 Veliidae 1     Anthomyidae 3 1 2 
 Gerridae 10 8 3   Ptychopteridae  1  
Megaloptera Sialidae 4 6 2  Collembola Sminthuridae  1  
 Limnebiidae  1     Poduridae  3 2 
 Gyrinidae  3 10   Chelicerata Hidracarina 15 15 16 
 Haliplidae  5 5 2   Neritidae 4 2 2 
 Noteridae 1     Bithyniidae 1   
 Dytiscidae  13 9 8  Mollusca Valvatidae   1 
Coleoptera Hydrophilidae  11  5   Hydrobiidae 10 11 10 
 Helophoridae  6 1 4   Ancylidae 15 12 10 
 Hydrochidae  2     Ferissiidae  2  
 Hydraenidae  6 3 7   Planorbidae 3 4 2 
 Dryopidae  4 4    Lymnaeidae 4 5 2 
 Elmidae  16 15 15   Physidae 8 9 3 
 Scirtidae 4     Sphaeridae 11 12 5 
 Hydroscaphidae    1   Corbiculidae 1 1  
 Philopotomidae 4 3 1   Gammaridae 3 2 2 
 Hydropsychidae 10 10 10  Crustacea Asellidae 2 1  
 Polycentropodidae 9 6 4   Ostracoda 9 5 4 
Trichoptera Psychomyiidae 8 7 1  Platyhelminthes Tricladida 9 7 4 
 Ecnomidae  2 2   Erpobdellidae 7 4 6 
 Rhyacophilidae 5 4 8  Annelida Glossiphoniidae 8 3 3 
 Glossosomatidae 1 1    Oligochaeta 17 16 16 
 Hydroptilidae 11 6 6       
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Selection and validation of reference sites  

in small river basins  

 

 

 
 
Abstract: Type specific reference conditions that describe sites with no or only very minor anthropogenic 
disturbances are a basic requirement of the European Water Framework Directive. The reference 
condition approach implies a previous determination of criteria acceptable for the definition of near-natural 
stretches. In this paper, a methodology based on selection and validation procedures is applied to a 
Portuguese watershed to guide the identification of reference sites. The methodology consisted of three 
phases: [1] a preliminary site inspection through the use of maps, available data and an extensive 
screening field campaign that resulted in the selection of 52 potentially undisturbed small and medium-
sized rivers stretches, ranging from 43 to 1069 m in altitude, with catchment areas between 4 and 641 km2 
and representing siliceous and calcareous riverbeds; [2] a detailed site selection based on 10 pre-defined 
criteria involving physical/social/biological attributes that indicated catchment land use changes and alien 
vegetal riparian species as major human impacts; [3] a site validation procedure involving detailed 
investigation of benthic macroinvertebrate communities, riparian vegetation, in-stream habitat quality and 
chemical parameters that showed riparian wood related problems as a major restriction to validate a 
stretch as a near-natural site. Only about 12% of all investigated river sites, accounting for 600 m of all 
5200 m studied, could be considered as near-reference stretches or sites retaining essential natural 
functions. Selection and validation procedures can identify different sites as reference, which reinforces the 
need for applying both procedures. The results presented can help to accomplish the requirements of the 
EU - Water Framework Directive by selecting reference sites as the first step to establish biological 
reference conditions and, simultaneously, to form a basis for nature conservation strategies. 
 
Key words: Water Framework Directive, hydromorphological criteria, physico-chemical criteria, biological 
criteria, ecological status, Mondego River basin. 
 
 
 
 

Introduction 

The Water Framework Directive (WFD - European Commission, 2000) replaces or 

complements most of the earlier European water legislation (Holland, 2002; Irvine, 2004). One 

of the main objectives of this new water policy requires that all European bodies of surface 

water have to achieve good surface water status by 2015. Until the early 1990s, water quality 

monitoring in most European Union state members was based mainly on chemical and physical 
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parameters (Hering et al., 2003). The WFD promoted a major change in environmental 

assessment criteria since it requires the evaluation of the ecological status of all water bodies 

using predominantly biological criteria based on four biological indicator groups for rivers: 

phytoplankton, macrophytes and benthic invertebrate and fish faunas. Also, the WFD requires 

ecological classification to be based on deviation from the expected natural condition, but 

without clear advice on how to perform this task (Wallin et al., 2003). However, it is necessary to 

first define and characterize the natural status of each water body type, usually designated as 

reference condition (RC). RC will consequently provide the baseline against which to measure 

anthropogenic impacts, describe the biological community potential and define spatial and 

temporal natural variability (Reynoldson et al., 1997; Economou, 2002; Wallin et al., 2003; 

Bailey et al., 2004). Nevertheless, RC do not necessarily equate to totally undisturbed pristine 

conditions. They might include very minor disturbances. Human pressure is allowed to be 

present in a RC as long as high ecological status is still achieved. (Economou, 2002; Wallin et 

al., 2003; Bailey et al., 2004). A RC represents information from numerous similar sites (e.g., 

Reynoldson et al., 1997; Wallin et al., 2003; Bailey et al., 2004). Establishing type specific RC 

and accordingly setting type specific ecological class boundaries allows an accurate ecological 

evaluation of each site by comparison with very similar places presenting no or only very minor 

anthropogenic disturbance (Wallin et al., 2003; Bailey et al., 2004). Hydromorphological and 

physical-chemical attributes for RC should meet criteria of minimal disturbances to support 

reference biological communities (Reynoldson et al., 1997; European Commission, 2000).  

Five different approaches and/or combinations are currently suggested for determining 

a RC for biological criteria (e.g., Barbour et al., 1996; European Commission, 2000; Economou, 

2002; Wallin et al., 2003): [1] extensive spatial surveys, [2] predictive modelling, [3] historical 

data, [4] paleo-reconstruction and [5] expert judgment, the last being implicit to all four former 

procedures. In order to establish a RC based on an extensive survey, it is necessary to find 

sites that are thought to have been minimally or never exposed to the stressor(s), but also to be 

representative of each water body type. In relatively unperturbed areas, if undisturbed or 

minimally disturbed sites are available and numbers are adequate for determining a reliable 

measure of mean, median or mode and distribution of values (percentiles, confidence limits), 

then the use of survey data is one of the most straightforward methods available for establishing 

RC (Barbour et al., 1996; Wallin et al., 2003; Bailey et al., 2004; Nijboer et al., 2004).  

If reference sites were easily distinguished from disturbed sites, impairment could be 

assessed without any measurement (Resh et al., 1995). However, the assessment of aquatic 

ecosystems integrity should no longer be based on subjective criteria but reference sites must 

fulfil specific operational criteria that easily indicate the absence of exposure to stressors (Bailey 

et al., 2004). Pre-classification, using clearly defined a priori criteria for human-generated 

disturbance based on several physical/social/biotic features is becoming commonly used in 
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order to preliminarily assign a sampling site to a degradation class (Economou, 2002; Hering et 

al., 2003) and thus distinguish a reference from a stressor exposed site. Since European rivers 

have been affected by multiple pressures such as organic pollution (Hering et al., 2004), 

identification of reference sites requires suitable methods and biological assessment is often 

needed to validate the preliminary selection of a site, since some forms of disturbance are 

neither readily visible, nor detectable with the common screening methods used (Hering et al., 

2003; Nijboer et al., 2004). Despite allowing biological potential or best attainable conditions to 

be readily described (Nijboer et al., 2004) and inherent natural variability to be included 

(Barbour et al., 1992), spatially extensive data sets are highly expensive (Economou, 2002). 

Although historical data has been suggested as an additional essential source to describe 

reference communities (Ehlert et al., 2002; Nijboer et al., 2004), in Portugal as well as in other 

Mediterranean countries, that approach would be difficult to implement since studies concerning 

biotic communities covering large catchment areas are very recent (e.g., AMBIO et al., 1999, 

Aguiar et al., 2002; Graça et al., 2002; Pinto et al., 2004) and former investigations, even 

spatially and temporally confined, are nearly non-existent (e.g., Graça et al., 1989; Cortes & 

Monzon, 1991). Prediction of expected reference conditions using models and paleo-

reconstruction are particularly useful when human impacts are so intense and widespread that 

reference sites satisfying the criteria for minimal disturbance do not exist. However, similarly to 

the historical approach, predictive modelling requires adequate and suitable local data for the 

development of functional relationships between human impacts and ecosystems response and 

the paleo-reconstruction method is more applicable to lakes than rivers (Reynoldson et al., 

1997; Economou, 2002; Wallin et al., 2003). 

The main objective of this study was to establish a methodological approach for 

selecting and validating reference sites and concurrently assess the importance of validating 

hypothetical reference sites with a biotic/abiotic data survey (validation) when compared with 

pre-established criteria (selection) in a country were few studies on rivers and streams are 

available. Given the above considerations, the selection of reference sites was based on an 

extensive field approach. Procedures developed by Bonada et al. (2002), Hering et al. (2003) 

and Bailey et al. (2004) were tested in a Portuguese basin. 

 

 

Methods 

Study area 

This study took place in the Mondego River basin (Figure 3.1) that drains an area of 

6645 km2 into the Atlantic Ocean (Loureiro et al., 1986). It is located in the central region of 

Portugal, within ecoregion 1 according to Illes (1978). This river basin has an elongated shape 
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with the longest axis NE-SW orientated. Altitude of the drainage basin ranges from nearly 

2000 m a.s.l. to sea level. The Mondego itself is the largest entirely Portuguese river with a 

length of 234 km, beginning at an altitude of 1547 m a.s.l. (Loureiro et al., 1986). 
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Figure 3.1 - Location of sampling sites (●) in the Mondego River basin.  

 

 

 

This basin is located in a region of Mediterranean-type climate, strongly influenced by 

the Atlantic Ocean. The average annual temperature (a.a.t.) is approximately 13 ºC, with the 

warmest temperatures registered near the coast (a.a.t. 16 ºC) and the lowest recorded in 

Estrela and Caramulo Mountains (a.a.t. 10 ºC). In general, the hottest months are July and 

August and the coldest are December and January. The average annual precipitation is 

1130 mm, with a humid semester between October and March and the driest months being July 

and August (Lima & Lima, 2002). Hydrogeological features determine two major areas in the 
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Mondego River basin, an essentially siliceous area in the upper and middle regions of the basin 

and a mainly calcareous karstic area in its lower section (AMBIO et al., 1999).  

Portuguese morpho-climatic groups were established based on altitude, latitude, 

longitude, runoff-related, precipitation-related and temperature-related variables (Alves et al., 

2004). Four different morpho-climatic groups were identified in the Mondego River basin region 

and acted as background to establish the river typology according to WFD System- B 

(Table 3.1). When catchment area and geology variables were introduced in the model, 13 

rivers and stream types were identified within the Mondego River basin (Alves et al., 2004) 

(Table 3.1). 

 

 

Table 3.1. River and stream types of the Mondego River basin, following the WFD System-B (Alves et al., 2004). 

Portuguese morpho-climatic groups were established based on altitude, latitude, longitude, runoff-related, precipitation-

related and temperature-related variables. Morpho-climatic groups were numbered according to Alves et al. (2004) and 

only four of the six Portuguese morpho-climatic groups were found in the Mondego River basin region (Alves et al., 

2004) 

Catchment area Geology Morpho-climatic group River or stream type 

 
SLm3 

2 SLm2 

5 SLm5 
Low mineralisation level 

6 SLm6 

Medium mineralisation level 3 SMm3 

Small 
(5 - 100 km2) 

High mineralisation level 3 SHm3 

2 MLm2 

3 MLm3 Low mineralisation level 

5 MLm5 

Medium 
(100 - 1000 km2) 

Medium mineralisation level 3 MMm3 

2 LLm2 
Low mineralisation level 

3 LLm3 Large 
(1000 - 10000 km2) 

Medium mineralisation level 3 LMm3 
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The natural hydrology of the basin has been altered by the construction of several major 

dams and hundreds of small weirs. Aquatic systems cover less than 1% of the catchment 

area.Agricultural areas, although declining in size, are located mainly in the lower region of the 

Mondego River basin and in Dão and Arunca River valleys. About 5% and more than 35% of 

the catchment basin area are occupied by intensive and extensive agriculture, respectively. 

Approximately 670 000 people live in the Mondego catchment area (AMBIO et al., 1999). 

Human pressure is strongest along main rivers and coastal areas (AMBIO et al., 1999; Marques 

et al., 2002), including areas of industrialisation. As a consequence, artificial regions occupy 3% 

of the catchment. More than 50% of the area is natural or semi-natural. 

Undisturbed freshwater macroinvertebrate communities of this basin show seasonal 

variations related to hydrological changes and are influenced by environmental gradients 

related to sediment grain size, altitude and conductivity (Chaves et al., 2005).  

 

 

Preliminary site inspection  

Selection of candidate reference river stretches was based initially on the use of maps 

(1:25000) and available data (see Chaves et al., 2005) to detect human disturbed areas such 

as:   

1. urban, industrial or intensely cultivated; 

2. dams, water withdrawals, high density of roads or other structures in the vicinity of 

the water courses and  

3. stretches known to have fish stocking and fishing activity.  

 

Site locations were determined in order to cover the range of natural conditions within 

the study area. 

Secondly, screening of candidate undisturbed sites was performed during a field 

campaign based on simple visual qualitative criteria that included water, riparian and in-stream 

habitat quality (Table 3.2). All candidate sites were checked, in order to confirm the accuracy of 

map and literature data and to verify the accessibility to the river stretches. Also, new sites not 

identified from maps and literature, were added to the list of candidate reference sites.  

Sites chosen during this preliminary visual inspection were retained for selection and 

validation procedures. The typology work of Alves et al. (2004) was used to allocate each 

studied site into the correspondent river or stream type.  

 



C
hapter 3 

Table 3.2. Criteria used in the inspection and selection of undisturbed sites in the Mondego River basin. Abbreviation, spatial scale, description and bibliographic source of similar criterion or 

criterion elements are indicated. Restrictive selection criteria are indicated in the first column (*)  
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Parameters considered 
in: 

Criterion Abbreviation Scale 
Site 

inspection 
Site 

selection 

Description Bibliography 

1. Good apparent water 
quality Water quality site X X To assess the water quality level based on a visual inspection 

of colour, transparency, odour and films 
Hughes (1995), Barbour et al. 
(1996)  

2. No or only minor 
evidences of human 
disturbance 

Human disturbance site X X To assess the presence of garbage, sewage pipes, industrial 
effluents pipes and livestock grazing (temporal disturbance) 

CEPA (1994), Hughes (1995), 
Barbour et al. (1996), Hering et al. 
(2003), Nijboer et al. (2004), 
Sánchez-Montoya et al. (2005) 

3. No significant 
modifications of the 
discharge regime * 

Natural discharge  basin  X 
To assess the presence of dams headwaters; dams higher 
than 20 m were considered to disturb the natural discharge 
regime independently of the distance to the sampling site 

CEPA (1994), Hughes (1995), 
Barbour et al. (1996), Muhar et al. 
(2000), Bonada et al. (2002), 
Ehlert et al. (2002), Hering et al. 
(2003), Nijboer et al. (2004), 
Sánchez-Montoya et al. (2005) 

4. No significant 
changes in the use of 
the drainage area * 

Natural area basin  X 

To assess the level of natural use of the site’s drainage area; 
the degree of usage should be as low as possible for the 
reference site: < 10% of urban and industrial use and < 30% of 
agricultural use 

CEPA (1994), Barbour et al. 
(1996), Bonada et al. (2002), 
Hering et al., (2003), Sánchez- 
Montoya et al. (2005) 

5. No significant 
changes in the river 
channel * 

Natural channel site  X To assess the presence of bank and bed fixation and small 
transversal ditches 

CEPA (1994), Hughes (1995), 
Barbour et al. (1996), Bonada et 
al. (2002), Ehlert et al. (2002),  
Hering et al. (2003), Nijboer et al. 
(2004), Sánchez-Montoya et al. 
(2005) 

6. No significant water 
diversions Water diversion site  X To assess the presence of hydropeaking, irrigation canals and 

water withdrawal for reservoir supplying  

Hughes (1995), Muhar et al. 
(2000), Hering et al. (2003), 
Nijboer et al. (2004), Sánchez-
Montoya et al. (2005) 

7. Presence of expected 
riparian vegetation Expected vegetation site X X 

To assess the cover level by the riparian wood; in near-natural 
situations most river types should have total cover and 
presence of trees in the pristine situation; however temporary 
or very high-altitude streams can have different cover levels. 

Bonada et al. (2002), Ehlert et al. 
(2002), Sánchez-Montoya et al. 
(2005) 

8. Riparian wood area 
without significant 
alterations 

Riparian area 
alterations site  X 

To assess the presence of public beaches, industries or other 
buildings such as warehouses, croplands and asphalt ways 
(spatial disturbances); it should be covered with natural 
unmanaged vegetation 

Hughes (1995), Muhar et al. 
(2000), Bonada et al. (2002), 
Hering et al. (2003), Nijboer et al. 
(2004), Sánchez-Montoya et al. 
(2005) 

9. Autochthonous 
riparian wood  

Autochthonous 
vegetation site  X 

To assess the presence of alochtonous species in the riparian 
wood; one single individual was not considered to exclude the 
site, with exception of the Acacia dealbata due to its high level 
of dispersion and invasive character 

Bonada et al. (2002), Hering et al. 
(2003), Nijboer et al. (2004), 
Sánchez-Montoya et al. (2005) 

10. Good apparent in-
stream habitat quality Habitat quality site X X 

To assess the presence of snags, roots, log jams and dead 
overhanging vegetation; to assess substrate classes 
proportions; generally it is expected boulders and stones in 
higher stretches, cobble and pebbles in medium stretches and 
sand, clay and lime in lower regions; to assess the sediment 
retention level based on a visual inspection 

Hughes (1995), Barbour et al. 
(1996), Bonada et al. (2002), 
Ehlert et al. (2002), Hering et al. 
(2003), Nijboer et al. (2004), 
Sánchez-Montoya et al. (2005) 
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Site selection  

Each site chosen was evaluated according to several earlier defined exclusion criteria 

to identify its pressure status (Table 3.2). These criteria were established without regard to the 

fauna. They included some visual characteristics used previously in the site inspection, but also 

specific features describing the character of the riparian zone and river channel, the discharge 

regime and the land use. These last three criteria (criteria 3, 4 and 5 in table 3.2) were 

considered as Restrictive Selection Criteria (RSC) since they are permanent, not easily 

restorable and their effects can not be avoided simply by changing the location of the sampling 

site up or downstream (see criteria description in table 3.2). However, for numerous rivers in 

Portugal (particularly in their middle and lower regions) it is nearly impossible to find sites not 

affected by dams, with less than 30% of their catchment area used for agriculture and/or without 

signs of canalisation. These sites should still be identified, as they may be good candidates to 

Best Attainable Ecological Potential, when presenting good biological status. Best Attainable 

Ecological Potential is a figure comparable to the Maximum Ecological Potential (MEP) of the 

WFD. MEP is used to establish the environmental objectives for man-made modified rivers, i.e. 

for systems that present substantial hydromorphological changes (highly modified water bodies, 

in the WFD). In the present study man-made modified stretches were excluded. However, 

stretches influenced by these disturbed systems were considered when accomplishing most of 

the selection criteria and high biological status. Since only Good Ecological Potential and not 

Good Ecological Status (GES) will be defined for a MEP site, it will be difficult to achieve GES in 

systems under the influence of a MEP site. Therefore, this new concept, Best Attainable 

Ecological Potential, was created to define a stretch with high biological status that is under the 

indirect influence of major alterations either hydromorphological and/or others, for which the 

achievement of environmental objectives would be infeasible without injuring vital human uses 

or incurring disproportionate expenses. 

Most of the criteria used to select sites required an inspection field campaign in order to 

compare site characteristics with the predefined exclusion criteria. Natural area and Natural 

discharge were exceptions, since they were determined using a geographic information system 

(ArcView 3.x), maps and information available at the Portuguese Water Institute web-site 

(Instituto da Água, www.inag.pt, during June 2004). Exclusion criteria involve different spatial 

levels of selection, from catchment to site scale, in order to guarantee that anthropogenic 

disturbances occurring at different distances can be detected (Table 3.2). Biological criteria 

related to the quality elements of the WFD were not considered in the selection procedure to 

avoid circularity in the definition of reference conditions (Barbour et al., 1999; Economou, 2002; 

Wallin et al., 2003). Most of these criteria, although presenting some additional contributions to 

the original form, have already been applied in similar studies (see bibliography in table 3.2) 

and/or their use is suggested by the WFD (Annex II 1.4 of WFD). 
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Site validation 

Site validation is the next important step since it provides quantitative measurements of 

several biotic and abiotic variables that characterize a river stretch (Table 3.3) and confirms and 

refines the a priori selection (Barbour et al., 1996). A detailed investigation of benthic 

macroinvertebrates, riparian vegetation, habitat quality and chemical water parameters was 

performed at this stage. Data collected at each site was used to confirm if they had a near-

natural status according to predefined thresholds established for the validation parameters. 

Biological condition was measured using two indices developed for Mediterranean areas: the 

Riparian Habitat Ecological Quality index (Qualidade do Bosque de Ribeira – QBR; Munné et 

al., 1998; Munné et al., 2003) that evaluates the riparian area condition; and the Iberian 

BioMonitoring Working Party index (IBMWP; Jáimez-Cuéllar et al., 2002) that uses 

macroinvertebrates as indicators of in-stream biological health. 

 

 

Table 3.3. Criteria used in the validation of undisturbed sites in the Mondego River basin 

Criterion Abbreviation Description Bibliography 

Iberian Biomonitoring 
Working Party index IBMWP IBMWP > 100 

Alba-Tercedor & Sanchez-
Ortega (1988), Bonada et al. 
(2002), Ehlert et al. (2002), 
Jáimez-Cuéllar et al. (2002) 

Riparian Habitat Ecological 
Quality index  QBR QBR > 75 Munné et al. (1998, 2003), 

Bonada et al. (2002),  

Fluvial Habitat Index IHF IHF > 66 Pardo et al. (2002) 

Water chemical 
parameters *: 
Total phosphorus 
Ammonia 
Nitrates 
Nitrites 

 
 

TP 
NH4
NO3
NO2

Natural concentrations of 
chemical parameters 
measured in water: 
TP <0.06 mg l-1
NH4 <0.13 mg l-1
NO3 <2.96 mg l-1
NO2 <0.05 mg l-1  

Adapted from Bonada et al. 
(2002) 

Abbreviation, description and bibliographic source of each criterion are indicated. From previous studies it was 

concluded that heavy metal pollution was not significant in the Mondego River basin (Chaves et al., 2005). pH, 

conductivity and related variables were not considered in the validation process since their variation could be related to 

natural changes due to different hydrogeological regions (Chaves et al., 2005). 
 

 

The QBR index is based on four components of riparian habitat: total riparian vegetation 

cover, cover structure, cover quality and channel alterations. It also takes into account 

differences in the geomorphology of the river from headwaters to lower reaches and was 
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described in detail by Munné et al. (2003). This index scores between 0 (highly disturbed) and 

100 (natural).  

The IBMWP index, an adaptation of the British BMWP to the Iberian Peninsula (Alba-

Tercedor & Sánchez-Ortega, 1988), is based on the macroinvertebrate community composition 

and is considered as a metric indicative of general degradation of the aquatic environment. The 

IBMWP requires only qualitative data, with all macroinvertebrates identified to family or higher 

taxonomic levels. Site score is obtained by adding the individual scores of taxa present, which 

reflect their pollution tolerance based on current knowledge. Pollution-intolerant taxa have 

higher scores, whereas pollution-tolerant taxa have lower scores (Armitage et al., 1983; Jáimez-

Cuéllar et al., 2002).  

An assessment of the habitat structure is critical to any evaluation of ecological integrity 

(Plafkin et al., 1989). The Fluvial Habitat Index (IHF), developed for Mediterranean areas (Pardo 

et al., 2002), was used to assess the in-stream habitat quality. This index evaluates river’s 

physical characteristics related to habitat heterogeneity produced by different hydrological 

conditions, substrate classes and autochthonous (aquatic vegetation) and alochthonous (leaves 

and coarse debris) sources. This index scores between 0 and 100.  

All sites (river stretch up to 100 m long) chosen during the preliminary site inspection 

were sampled twice: in late spring and summer 2002. The highest benthic macroinvertebrate 

diversity is normally expected during late spring, while major constraints like high concentrations 

of water pollutants are most likely to occur during low discharge periods (summer). Together, 

sampling occasions should account for the inherent variability often associated with natural 

systems (Chaves et al., 2005). 

Macroinvertebrates were always collected by the same operator using a 30x30 cm kick-

net with a 250 µm mesh size. Care was taken to include all possible habitats over 

representative sections of the stream (a 100 m stretch), incorporating riffles, runs, and pools if 

these habitats were present in the stream stretch in question, similar to the multi-habitat 

sampling procedure used in the USA (Barbour et al., 1999). Effort was allocated in proportion to 

the occurrence of each habitat, resulting in a sampling area of approximately 3 m2. Composite 

samples were preserved in 100% ethanol, transported to the laboratory where they were rinsed 

using a 250 µm mesh sized sieve, sorted under magnification and preserved in 70% ethanol.  

The sorting process of a biological sample involved removing large, common and rare 

organisms during three sequential steps: first, all specimens larger than 1000 µm were sorted; 

second, at least 250 specimens (<1000 µm) were removed according to an area based method 

to allow an extrapolation of macroinvertebrate total abundance; finally, all the sample was 

screened, looking only for non-abundant specimens, which had not been sorted into the 250 

specimens-group, in order to guarantee that all taxa present were detected. Macroinvertebrates 
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were identified to the family or higher taxonomical levels (e.g., Oligochaeta) according to Tachet 

et al. (2000).  

On each sampling occasion, physical and chemical variables were measured at each 

site prior to invertebrate fauna sampling. Water temperature (ºC), dissolved oxygen (mg l-1) and 

salinity were measured in field with a Data Sonde Surveyor 4 portable probe. Water samples 

were collected below the water surface in the central region of each watercourse, frozen, 

transported to Instituto do Ambiente and analyzed to determine concentrations of nitrates  

(NO3
- mg l-1), nitrites (NO2

2- mg l-1), total phosphorus (P mg l-1) and ammonia (NH4
+ mg l-1). The 

current knowledge about biota reactions to environmental parameters changes, indicate 

stressor levels that are probably harmful to aquatic communities, so these field measurements 

can be valuable when suggesting potential problems and eliminating candidate reference sites 

(Hughes, 1995). In order to characterize the sampling sites, flow discharge (m3 s-1) was 

determined in the narrowest section of the stretch by dividing the total channel width in, at least, 

seven equal parts and measuring the channel depth and current velocity (Hydro-Bios - RHCM) 

at each one of these points; discharge was calculated by integrating medium depth, total width 

and current velocity. Sediment grain size was estimated visually into four different groups: silt 

and clay (<0.06 mm), sand (0.06-2 mm); pebbles and gravel (2-64 mm); cobble, boulders and 

stones (>64 mm). Altitude (m), latitude and longitude (degreesº minutes’ seconds’’) were 

registered with a GPS system at each site. Strahler's (1952) stream orders and sites’ catchment 

area were determined using a geographic information system (ArcView 3.x software, 1:75 000).  

 

Final site selection and congruence of selection and validation measures 

Selection (SC) and validation criteria (VC) results were compared, using the number of 

sites chosen during the preliminary field inspection as a background. If selected candidate 

reference sites’ status (selection process) were reflected in biological, chemical and 

hydromorphological data (validation process), then SC and VC results should be consistent 

(Nijboer et al., 2004). 

Therefore, a site was validated as a: 

1. Reference (REF): if accomplishing all SC, and VC values were optimal in all sampling 

occasions (Tables 3.2 and 3.3); 

2. Potential reference (PREF): if failing up to 3 SC (7/10), although not the restrictive 

ones (criteria 3, 4 and 5 in table 3.2), and VC values were optimal in all sampling 

occasions. Failure in one reference nutrient concentration was considered acceptable 

since nutrient concentrations are instantaneous measures that naturally fluctuate with 

intra and inter-annual climate changes (Holloway et al., 1998) and thus, less reliable 

than other VC. 
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3. Best Attainable Ecological Potential (BAEP): if failing up to 3 SC, including the 

restrictive ones, but VC values were optimal in all sampling occasions. Failure in one 

reference nutrient concentration was considered acceptable.  

Kruskall-Wallis tests (Siegel & Castellan, 1988) were used to independently compare 

the values of each one of the seven validation criteria among the groups defined according to 

the results of the selection processes (four groups: accomplishing all SC, missing up to 3 SC, 

including and excluding RSC, and failing more than 3 SC). 

A Friedman two-way analysis of variance by ranks test, followed by multiple 

comparisons between groups (Siegel & Castellan, 1988), was used to test for significant 

differences between the four groups resulting from the selection process considering each one 

of the seven validation criteria as a replicate and the respective median values of each group as 

objects of comparison.  

 

 

Results 

Field site selection 

During field inspection, 52 sites (Figure 3.1) located in 41 different watercourses of the 

Mondego River basin, were chosen. Sites placed in the same river were separated 

longitudinally by a minimum of 1.6 km. None of these 52 stretches was located in large-sized 

rivers mainly due to severe regulation and urban proximity. All sites’ catchment areas were 

smaller than 640 km2, hence potential reference sites with Strahler's (1952) stream orders 

greater than three were not found (Figure 3.2, Appendix 3.1). Most of these sites were placed at 

mid-height (200-800m), and 35% and 6% of them were positioned at lower and higher altitudes, 

respectively. Most of the sites were located in siliceous river-beds (85%), while the remaining 

sites were predominantly calcareous (Figure 3.2, Appendix 3.1).  

Only 10 % of the stretches were entirely dry during summer but around 30 % presented 

stagnated water or pools (Appendix 3.1). Silt and clay classes were never dominant (Figure 3.2, 

Appendix 3.1). As expected, sites showing the highest mean discharges or stream orders 

tended to be those with largest catchment areas (Appendix 3.1). Only nine of the 13 river or 

stream types identified in the Mondego River basin were represented by the studied sites. One 

stream type was represented by 21 sites and eight stream types included five or less sites 

(Appendix 3.1, see table 3.1 for a small description of stream and river types). 
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Figure 3.2 - Major characteristics of sites sampled in the Mondego River basin. Altitude - 

low (L): < 200 m; mid (M): 200-800 m; high (H) >800 m; Streambed geology - siliceous (Sil); 

calcareous (Cal); Catchment area (Catch. area) - very small (vs): < 10 km2; small (s): 10-

100 km2; medium (m): 100-1000 km2; Mean discharge (Mean disch.) - low (L): < 0.05 m3 s-1; 

mid (M): 0.05-1.00 m3 s-1; high (H): 1.00-5.00 m3 s-1; Predominant substrate size - silt and clay 

(Sc): <0.06 mm; sand (Sd): 0.06-2 mm; pebbles and gravel (Pg): 2-64 mm; cobble, boulders 

and stones (Cb): >64 mm; Strahler’s (1952) stream order. 
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Site selection 

The most limiting selection criteria (SC) were related to land use of the drainage area (a 

restrictive selection criterion- RSC) and to the origin (native vs. exotic) of riparian vegetation 

(Figure 3.3); each one excluding more than half of the initial 52 sites. The third most limiting 

criterion, also an RSC, excluded sites with channel alterations (Figure 3.3). Only seven sites 

accomplished all three criteria considered as RSC (Figure 3.4), although all studied sites fulfilled 

at least one RSC. All other selection criteria eliminated less than 20% of the 52 previously 

selected sites and substrate classes’ proportions were always assessed as a near-natural 

situation (Habitat quality - Figure 3.3). Only four sites fulfilled all SC (Figure 3.3 and 3.4), and 

these are the only ones hypothetically considered as reference sites (Figure 3.4). Forty-two 

sites missed up to three SC, seven of which did not fail any RSC, and 39 failing at least one 

RSC. 
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Figure 3.3 - Number of sites chosen during the preliminary inspection (first bar), that 

fulfil each of the selection criteria (following bars) and all selection criteria simultaneously 

(final bar); restrictive selection criteria (RSC) are signed. 
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Figure 3.4 - Number of sites chosen during the preliminary inspection (first bar), that 

fulfilled all the selection criteria (SC) or failed up to three SC both non-restrictive or 

restrictive criteria (RSC).  
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Site validation 

The ecological integrity at each site was tested based on chemical, physical and 

biological measurements. No major deviations from potential near-natural conditions were 

observed for the following parameters since: [1] dissolved oxygen levels were greater than 

8 mg l-1 in 60% of the measurements and higher than 6 mg l-1 in 80% of the measurements; 

exceptions were found in temporary streams during the summer campaign due to the formation 

of pools or presence of stagnated water; [2] temperature measurements, although highly 

variable, did not show any outlier values and were, as expected, slightly higher during summer; 

[3] salinity values were never higher than 0.5 and more than 80% of the measured values were 

below 0.1; [4] pH, total dissolved solids and conductivity were not considered limiting criteria as 

their values seemed to reflect river bed features (siliceous vs. calcareous) instead of pollution 

(Chaves et al., 2005). 

Independent of the season, combined biological criteria (QBR + IBMWP) were always 

more limiting than physical (IHF) or chemical (Nutrients) criteria (Table 3.4). The riparian 

condition (QBR index values) was the most limiting validation criteria, when considering each 

criterion individually. Poor biological water quality (low IBMWP values) was found at only seven 

and ten sites during spring and summer campaigns, respectively (Table 3.4), four of which were 

common between both seasons. All sites not validated by the IBMWP criterion were at mid and 

low altitudes (Table 3.5). Within the 13 stretches considered impaired by the IBMWP index, all 

lowland calcareous sites (four sites) and five of the mid and lowland siliceous sites had 

abundances of Chironomidae plus Oligochaeta over 50% of total captures. In the other four mid 

and lowland siliceous sites, abundances of Chironomidae and an additional tolerant taxon (e.g., 

Hydrobiidae, Baetidae) accounted for more than 50% of total captures, which confirmed their 

degradation. No clear relationship was found between level of water pollution and the 

catchment area (Table 3.5). 

 

 

Table 3.4. Number of sites fulfilling each validation criteria considering spring and summer campaigns individually and 

both sampling occasions simultaneously 

Field 
campaigns 

Field 
selection

Sites with 
water IBMWP QBR QBR + 

IBMWP IHF NO2 NO3 NH4 TP All 
nutrients Total

Spring 52 51 44 27 23 48 43 32 45 33 26 12 

Summer 52 47 37 26 19 34 42 36 38 37 28 12 

Spring + 
Summer 52 47 34 26 18 32 42 29 37 29 21 9 
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Table 3.5. Percentages of sites included in each of the altitudinal, geological and catchment area classes (see legend of figure 3.2 for abbreviations) according to IBMWP results during 

spring (Sp) and summer (Sm) sampling occasions 

 
Altitude  Geology  Catchment area 

 H M L  Sil Cal  vs s m 
IBMWP 

Water quality classes 

 Sp/Sm Sp/Sm Sp/Sm  Sp/Sm Sp/Sm  Sp/Sm Sp/Sm Sp/Sm 

Very good (>100) 
 

100.0/100.0 93.3/81.5 72.2/70.6  93.0/81.4 66.7/77.8  77.8/66.7 87.9/78.8 90.0/90.0 

Moderately polluted (61-100) 
 

0.0/0.0 6.7/14.8 5.6/11.8  4.7/14.0 11.1/0.0  0.0/11.1 9.1/9.1 0.0/10.0 

Polluted (36-60) 
 

0.0/0.0 0.0/3.7 16.7/5.9  2.3/4.6 22.2/0.0  22.2/22.1 0.0/6.1 10.0/0.0 

Very polluted (16-35) 
 

0.0/0.0 0.0/0.0 0.0/5.9  0.0/0.0 0.0/11.1  0.0/0.0 0.0/3.0 0.0/0.0 

Extremely polluted (<15) 
 

0.0/0.0 0.0/0.0 5.6/5.9  0.0/0.0 11.1/11.1  0.0/0.0 3.0/3.0 0.0/0.0 
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Total phosphorus and nitrate concentrations were always the most limiting criteria 

regarding nutrient concentrations, which were, in general, slightly higher during spring than 

summer (Table 3.4). Nutrients and riparian vegetation results are most likely related to 

extensive agriculture landscape use in the Mondego catchment area. There was concordance 

of most sites not validated as having high ecological status between spring and summer. 

Therefore, the number of selected sites did not decrease substantially when taking the results 

for both seasons into consideration (Table 3.4).  

 

Congruence of selection and validation measures 

Only four sites accomplished all selection criteria (SC), whereas nine fulfilled all 

validation criteria (VC), suggesting that accomplishing all SC was more demanding than fulfilling 

all the VC (Table 3.6). Of those four stretches, two sites accomplished all VC and one site 

exceeded a nutrient concentration (Table 3.6). The three sites that failed up to three SC, 

excluding restrictive selection criteria (RSC), presented good validation results and, from the 39 

sites that failed up to three SC, including RSC, only 10 showed good validation results (Table 

3.6). Six of the initial 52 sites failed more than three SC and revealed a bad validation result 

(Table 3.6). These results show no obvious relation between the accomplishment of SC and VC 

in each site emphasizing the need for fulfilling both SC and VC in the definition of reference 

sites (REF), potential reference sites (PREF) or best attainable ecological potential sites 

(BAEP). Only two of the 52 initially selected sites were considered a REF, while four sites 

fulfilled the criteria defined for a PREF (accomplished all VC and failed in some SC but not in 

RSC) and 10 sites fulfilled those required for BAEP (accomplished all VC but failed in some 

RSC) (Table 3.6). The fact that there was one site which did not accomplish all VC but fulfilled 

all SC (site 9), reinforces the need to perform a validation process. Considering the relationship 

between each group of sites obtained with the selection procedure (four groups: accomplishing 

all SC, missing up to 3 SC including RSC, missing up to 3 SC excluding RSC and failing in more 

than 3 SC) and the values of the VC parameters at each site (Figure 3.5), it is clear that sites 

excluded by the selection process generally present median values of validation parameters 

closer to the suggested near-natural limit (e.g., IHF) or exceeding that limit (e.g., IBMWP, QBR, 

NO3). These results show some consistency between validation and selection methods. 

According to Kruskall-Wallis test results, significant differences among the four groups were 

found for the IBMWP and QBR indices and nitrate concentrations. For these parameters, the 

group of sites excluded by the selection process (failing in more than 3 SC) presents always the 

highest difference when compared with all other groups (Figure 3.5). Considering all validation 

parameters simultaneously, the Friedman test also suggested high consistency between 

validation and selection methods (Figure 3.5): groups of sites accomplishing all SC and missing 

up to 3 SC, including and excluding RSC, present no differences between them,  
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Table 3.6. Overview of sites accomplishing all selection criteria (SC), failing up to 3 SC, including and excluding 

restrictive selection criteria (RSC), accomplishing all validation criteria (VC) and failing in just one nutrient concentration. 

Unfulfilled RSC are signed: natural area (na), natural channel (nc) and natural discharge (nd). Final selection was 

performed according to previous definitions (see Final site selection and congruence of selection and validation 

measures in the methodology section): reference site (REF), potential reference site (PREF), best attainable ecological 

potential site (BAEP) 

Site 
 inspection  Site 

 selection  Site  
validation  

Rivers  All SC 
fulfilled 

Failed up 
to 3 SC, 
not RSC 

Failed up 
to 3 SC, 

with RSC 
Failed 
RSC  All VC 

fulfilled 
Failed 

one 
nutrient 

 

Final 
selection 

1.  X     X   REF 

2.  X     X   REF 
3.    X nc  X   BAEP 

4.   X    X   PREF 
5.    X na      
6.  X      X  PREF 
7.    X nc      
8.    X nc      
9.  X         
10.    X na      
11.    X na, nc      
12.    X na, nc      
13.    X nc      
14.    X na      
15.    X nd      
16.    X nd  X   BAEP 
17.    X nd, nc      
18.   X    X   PREF 
19.    X nd      
20.     na, nc      
21.     na, nc      
22.    X na  X   BAEP 
23.     na, nd      
24.    X nc      
25.    X na      
26.    X na, nc  X   BAEP 
27.    X na      
28.    X na      
29.    X na      
30.    X na      
31.    X na   X  BAEP 
32.    X na      
33.    X na, nc      
34.    X na      
35.    X nc      
36.    X nd      
37.    X nc 

nd 
  X  BAEP 

38.    X      
39.    X nd  X   BAEP 
40.    X nc      
41.   X     X  PREF 
42.    X nd      
43.    X na   X  BAEP 
44.     na, nc      
45.    X na      
46.    X na, nc      
47.    X na   X  BAEP 
48.     na, nc      
49.    X na      
50.    X na      
51.    X na   X  BAEP 
52.     na, nc      
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Figure 3.5 – Whisker plots (median and inter-quartile range
75%) of values of validation criteria, considering both spring and 
summer measurements, for each group of sites resulting from t
selection process [four groups: accomplishing all selection cr
(SC), missing up to 3 SC, including and excluding restrictive
selection criteria (RSC), and failing in more than 3 SC (exc
N= 100 for the QBR index and N = 96 for all other validation criteria. 
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and groups of sites missing up to 3 SC, including RSC, and failing in more than 3 SC are also 

similar between them (see Friedman test statistics box in figure 3.5). The group of sites missing 

up to 3 SC, including RSC, is not different from any other groups of sites, showing an 

intermediate condition between non-disturbed and disturbed sites. 

 

  

Discussion 

General appraisal  

According to the WFD the main environmental objectives for aquatic ecosystems are to 

achieve ‘good’ surface water and groundwater status by 2015, preventing further deterioration 

and protecting and enhancing the status of aquatic ecosystems (European Commission, 2000). 

However, the establishment of quality class boundaries and criteria for ecological classification 

will only be possible when reliable reference conditions have been defined (Economou, 2002). 

The initial stage of selecting reference sites is crucial since all subsequent ecological evaluation 

is based on the resultant reference conditions. Reference sites must be selected carefully 

because they will be used as sources for the benchmarks against which other sites will be 

compared (Barbour et al., 1996). Nevertheless, given the long lasting anthropogenic impact in 

Europe, and further confirmed with the present study, it is very difficult to find rivers with no or 

only minimal anthropogenic disturbances, i.e. reference stretches (Economou, 2002; Ehlert et 

al., 2002; Nijboer et al., 2004).  

 

Screening and selection criteria 

In consistence with several authors (Barbour et al., 1996; Economou, 2002; Bailey et 

al., 2004), the established criteria included a certain level of human disturbance or minimal 

exposure to the stress of concern. For instance, the old age and high complexity of the riparian 

wood (Hughes, 1995), a commonly used strict criterion, would have never been fulfilled, 

although it would correctly address the idea that pristine riparian woods no longer exist in the 

Mondego River basin. Even though, like all over Europe (Economou, 2002; Hearing et al., 2003; 

Nijboer et al., 2004), the unnatural land use of the catchment areas, channel alterations and 

riparian vegetation related problems were highly limiting factors when applying our selection 

criteria. These widespread problems are connected since the Mondego River basin has been 

submitted to the elimination of riparian wood and to bank fixation in order to expand 

intensive/extensive agricultural areas or forestry plantations (Eucalyptus spp.), while on the 

other hand, these areas are the source of alien plants found in the riparian corridor.  
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The application of the selection criteria led to the assessment of a high number of sites 

failing in parameters with low restoration potential like the presence of dams, bank and bed 

fixation and unnatural use of the catchment area. This may compromise the achievement of 

good surface water status in many areas of the Mondego River basin until 2015, as well as in 

overall Portuguese waters. 

 

Validation criteria 

Following the WFD recommendations (European Commission, 2000), biological criteria 

were considered decisive factors in the validation process since variations in the aquatic 

community structure are known to be indicative of: [1] changes in water chemical quality caused 

by eutrophication, organic pollution and hazardous substances; [2] changes in habitats caused 

by physical disturbance through damming, canalisation and dredging activities, etc.; and  

[3] biological pressures on populations, such as the introduction of alien species (e.g., Nixon et 

al., 2003). However, different regions are subject to different human impacts. In Southern 

Europe, agriculture run-off, lack of adequate urban and industrial sewage treatment and illegal 

or accidental spills are major direct or indirect causes of freshwater ecosystems disturbance 

(Nixon et al., 2003). Consequently, nutrient enrichment and organic pollution have been 

considered main local stressors (Hering et al., 2004). Included in this region, the Mondego River 

basin is largely influenced by these same pressures (Marques et al., 2002). A decrease in 

macroinvertebrate diversity and an increase in tolerant taxa are expected under the presence of 

this kind of stress, easily indicated by the IBMWP index (Alba-Tercedor & Sánchez-Ortega, 

1988; Jáimez-Cuéllar et al., 2002). Thus, it is very important that reference sites meet criteria of 

minimal disturbance for pressures that are known to exist in the area of interest. The absence of 

a criterion can be as equally problematic as selecting the wrong one. For example, additional 

information, such as the presence/absence of exotic species could have been considered as a 

validation criterion. Previous studies have shown that alien invertebrate species such as 

Procambarus clarkii (Crustacean), an introduced crayfish (Anastácio & Marques, 2002), and 

exotic fish like Gambusia holbrooki and Lepomis gibbosus (Cabral et al., 2002; Domingos et al., 

2002), are widely distributed in the Mondego River basin and can, therefore, introduce unnatural 

pressures in natural populations (e.g., Moyle & Light, 1996). However, an accurate assessment 

of these species’ presence would require specific field sampling procedures beyond the 

possibilities of this study. Some of the sites selected as near-natural during the present study 

could have not been chosen if this criterion had been applied. Nonetheless, all sites where alien 

species were known to exist (visual detection during the field campaigns and historical data by 

AMBIO et al. (1999) and Chaves et al. (2005)) were excluded by the validation process and 

sometimes by both selection and validation processes, indicating some efficiency of the 

methodology in detecting coexisting impacts, even when some pressures are not directly 
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assessed. So, selection and validation criteria must be chosen carefully in order to take into 

account different pressure types and to detect real disturbance problems in the region of 

interest. As expected from the selection criteria results and previous studies (e.g., Economou, 

2002), the Riparian Habitat Ecological Quality index was the most limiting validation criterion 

since this index embraces features related to land use of adjoining areas and riparian 

vegetation and channel alterations, which had been identified as major selection problems in 

the Mondego River basin.  

 

Selection and validation  

As suggested by Barbour et al. (1999) and Nijboer et al. (2004), the methodology used 

in this study avoids circularity since distinct criteria were used when screening for potential 

reference sites (i.e. field screening and selection criteria) and their validation. The selection and 

validation procedures gave similar results, as illustrated by the Friedman test. However, none of 

these procedures is self-sufficient as they chose different sites. Although at a smaller spatial 

scale, our results were similar to those obtained by Nijboer et al. (2004), since a number of sites 

that were selected as having high potential ecological status were considered to be of low 

ecological quality after validation (site 9, see table 3.6) and sites that failed in some selection 

criteria presented high ecological quality after measuring the validation parameters (sites 3, 16, 

22). This kind of observations led to the conclusion that there were some human impacts not 

considered or detected using the selection criteria and, simultaneously, there were some 

disturbances with negligible effect on the biota. This last aspect could be the main reason for 

such good results obtained with the IBMWP index and reinforces the need and significance of 

validating selected sites (Nijboer et al., 2004). An important aspect, common between selection 

and validation results, is that criteria measured outside rivers and streams, such as the land use 

of the catchment area (SC) and the riparian wood cover and structure (QBR index – VC) were 

harder to fulfil. On the other hand, variables measured within watercourses like the sediment 

grain size (SC), water nutrient concentrations (VC) or the IBMWP index (VC) were easily 

accomplished. However, artificial land cover can explain a high percentage (29–38%) of the 

variation in some macroinvertebrate indices (e.g., Roy et al., 2003). Therefore, alterations 

outside the main channel can significantly change the aquatic ecosystem and should always be 

taken into consideration. 

Nor the expert judgement, equivalent to the selection process, nor the extensive spatial 

survey, comparable to the validation process, seem to be autonomous methodologies and both 

are indispensable (Nijboer et al., 2004). Sites classified as REF and PREF by selection and 

validation procedures may be considered as undisturbed stretches, whereas BAEP sites 

presented similarities with more or less disturbed sites and, as expected, should not be used as 

baseline for comparisons. Nonetheless, sites better than BAEP could not be found for some 
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river or stream types. Following an approach comparable to the one suggested for heavily 

modified water bodies (European Commission, 2003), a condition equivalent to Good Ecological 

Status, such as Good Ecological Potential, could be established based on these BAEP sites. 

Together, selection and validation procedures allow the identification of sites with high 

ecological status, including hydromorphological, physico-chemical and biological quality 

elements in rivers (Annex V 1.2.1 of the WFD). 

 

Spatial analysis 

Since the Mondego River basin was chosen for this study its complete catchment area 

was the logical geographical boundary for accomplishing the objectives. The final selection 

showed that only about 600 m of the initial 5200 m of rivers could be considered as near-natural 

stretches, retaining essential natural functions. As requested by the WFD, the reference level 

was set very high and consequently very few rivers and streams were able to meet the 

requirements. Priority should be given to protecting these near-natural river and stream 

stretches as these areas can also function as refuges for species which habitats have been 

changed or destroyed, and provide a source of organisms for recolonization of adjoining, 

formerly impacted habitats that have been improved by remediation or mitigation (Muhar et al., 

2000; Ehlert et al., 2002). Similarly, only a small percentage of the investigated stretches were 

selected as near-natural sites during other European studies enclosing different regions and 

river types, suggesting widespread degradation (e.g., Muhar et al., 2000; Economou, 2002; 

Hering et al., 2003; Nijboer et al., 2004). As expected (e.g., Economou, 2002), reference sites 

were found only in small headstreams located at high altitudes, and their small number was 

mainly due to the low percentage of the Mondego River basin located at high altitude. 

Candidate reference sites were never located in large-sized rivers, even during the screening 

campaign, due to very high levels of human-disturbance.  

Considering that different river and stream types are present in the Mondego River 

basin, a single reference condition should not be expected to be representative of all stream 

and river types belonging to the area of interest (e.g., Barbour et al. 1996; Bailey et al., 2004). 

Spatial representativeness is usually hard to achieve, but as typology works as a generalization 

tool, helping to reduce the natural variability of existing biological conditions, not every river or 

stream needs to be studied. In this study, near-natural stretches (REF and PREF) were found 

for only three of the 13 river or stream types defined for the Mondego River basin according to 

the WFD - system B (Alves et al., 2004) (Table 3.7). Additionally four types were represented by 

BAEP stretches. As expected, the six missing reference situations correspond to the larger-

sized river types. Before establishing accurate type specific reference conditions, it is necessary 

to find more type specific reference sites, since the WFD requires a sufficient number of sites of 

high status (reference network) to provide a sufficient level of confidence about the values for 
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the reference conditions (European Commission, 2000). Theoretically, this could be achieved by 

screening other near by catchment areas (Bailey et al., 2004). However, this would have implied 

a harmonization process during the type definition procedure, which was not contemplated by 

the WFD beyond the obligatory use of some previously defined variables (systems A or B) by all 

Member States. Although a single type definition approach was used at a national level (e.g., 

Portugal), different typology approaches were used across countries, almost certainly resulting 

in slightly different rivers and stream types. For intercalibration purposes, Member States 

sharing the same ecoregion have to agree on common types. Therefore, the use of type specific 

reference sites and consequently reference conditions that were established outside the region 

of interest will be possible at least for some river and stream types.  

 

 

Table 3.7. Number of reference (REF), potential reference (PREF) and best attainable ecological potential (BAEP) 

sites found in each river and stream type of the Mondego River basin, following the WFD - B system (Alves et al., 2004); 

see table 3.1 for a brief description of stream types 

                                 River or stream type 

 SLm3 SLm2 SLm5 SLm6 SMm3 SHm3 MLm2 MLm3 MLm5 

Number of sites 5 21 5 2 5 4 5 3 2 

REF - - 2 - - - - - - 

PREF - 2 - - - - 2 - - 

BAEP 1 3 1 1 1 1 2 - - 

 

 

Using a single natural-threshold for each validation criteria might raise some problems 

concerning different river types enclosed in the Mondego River basin. Regarding the IBMWP 

criterion, most of the sites discarded were at mid and low altitudes and presented calcareous 

riverbeds. This could suggest that a value of 100 is too demanding as a natural-limit class 

boundary between very good and good status for these regions. However, values of the IBMWP 

index above 100 were easily achieved (sites 11, 29, 31) even in temporary siliceous streams 

that could naturally be less diverse (Alba-Tercedor et al., 2002). Discarded sites could, in fact, 

indicate agriculture pollution, and related problems most common in these areas (AMBIO et al., 

1999). On the other hand, the existence of several river types in the Mondego River basin also 

raises the question: was the IBMWP value 100 too low as a limit for high status for some of the 

Mondego River basin types, therefore allowing disturbed sites to be chosen as reference ones? 

This is unlikely since a recent study covering 12 basins of the Iberian Peninsula showed that 

only karstic regions demanded an IBMWP natural-limit much higher than 100 (approximately 
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123) in order to accurately detect undisturbed environments (Alba-Tercedor et al., 2002). Type 

specific limits for high status biological conditions concerning macroinvertebrates have not yet 

been established in Portugal, and therefore further studies should be conducted. The use of the 

IBMWP index as well as other criteria should go along with a careful examination of 

macroinvertebrate data and physico-chemical parameters, in order to assure that low values of 

an index or measurement are related to a poor ecological status of the site and not to a healthy 

stretch with natural low diversity. 

In this study, the habitat scale was manly considered during the macroinvertebrate 

sampling procedure when the option between a multi and a single habitat sampling strategy 

was taken. Since the occurrence of different habitats at different sites might be either natural or 

an effect of environmental stress, the best way to include the effects of habitat alteration in 

bioassessment studies is to use a multiple habitat sampling design (Hiner, 2002). The use of a 

single habitat sampling strategy would have required a preliminary test on how accurately that 

single habitat represents a Mediterranean stream condition subject to major seasonal changes. 

 

Temporal analysis 

Seasonality should always be considered (Bailey et al., 2004), and in the Mondego 

River basin that is particularly important because macroinvertebrate communities have shown 

different seasonal structural patterns (Chaves et al., 2005). As site validation is an expensive 

procedure (time, costs and efforts), late spring is considered the best season for a single 

sampling campaign. Contrarily to what would be expected, nutrient criteria were more limiting 

during late spring than summer. This might be due to the agriculture use in the Mondego River 

basin catchment area and consequent agriculture chemicals runoff into aquatic systems during 

the rainy season. Unless clear limitation by other nutrients has been demonstrated in a 

particular system, N and P should be assumed as dominant nutrients controlling the trophic 

state of streams and rivers (Doods & Welch, 2000). Thus, besides presenting the water physico-

chemical most limiting condition, late spring is also a biologically optimal sampling season since 

initial recruitments already occurred (Barbour et al., 1996; Barbour et al., 1999) and 

communities are no longer under high flow or water depletion conditions (Chaves et al., 2005).  

Furthermore, if for some reason, the sampling period has to be slightly extended to 

summer, that should not be a major problem since the results of this study did not differ 

substantially between spring and summer, either qualitatively (which sites) or quantitatively (how 

many sites).  
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Conclusions 

When few data is available, this methodology could be relatively simple and quick to 

apply in order to select reference sites, and especially helpful in small river basins since it 

requires a good spatial knowledge of the area of interest. The use of the proposed selection and 

validation criteria adds valuable information to the WFD approach, since it considers the 

integrity of riparian vegetation that plays a major role in protecting the aquatic system. The 

selection process provided qualitative information while the validation gave quantitative 

information on different ecological features and these should therefore be used together. 

Furthermore, pressures not visualized during the selection process could be detected during the 

very simple process of validation by analyzing different chemical and biological responses of the 

aquatic system. Macroinvertebrate communities were the only biological element considered in 

the methodology, which might have to be refined using other biological elements since the WFD 

approach determines the use of the “one out, all out” criteria for accomplishment of the 

environmental objectives. A single natural threshold was used for each validation criteria, which 

in the future, should be improved by using accurate type specific natural thresholds values 

whenever new studies allow it. This method should provide an overall view of type and 

dimension of human disturbances in the area of interest since the criteria used relate to major 

pressures known in this European region. Nevertheless, the inclusion of additional criteria, such 

as the presence of alien animal species and the influence of halieutic resources exploitation, is 

recommended and will be easier when considering more than one biological element. The 

importance of river stretches that might be affected by pressures not easily removable but still 

showing a high biological status (BAEP) was strongly emphasized. The use of a multi-seasonal 

approach that integrates information collected under different hydrological characteristics is 

suggested, or late spring surveys if only one sampling season can be performed. This method 

can help to accomplish the requirements of the EU - WFD and simultaneously be used as a 

baseline to select protected areas with conservation purposes. 
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Appendix 3.1. Overview of site characteristics investigated in the Mondego River basin. Altitude (Alt) - low (L): < 

200 m; mid (M): 200-800 m; high (H) >800 m; Geology (Geol) - siliceous streambed (Sil); calcareous streambed (Cal); 

Catchment area (Catch. area) - very small (vs): < 10 km2; small (s): 10-100 km2; medium (m): 100-1000 km2; Mean 

discharge (Mean disch.) - low (L): < 0.05 m3 s-1; mid (M): 0.05-1.00 m3 s-1; high (H): 1.00-5.00 m3 s-1; Temporality 

(Temp.) - permanent streams (P); streams with pools or stagnated water (S) and dry (D) during a sampling campaign; 

ephemeral streams (E); Predominant substrate size (Substrate)- silt and clay (Sc): <0.06 mm; sand (Sd): 0.06-2 mm; 

pebbles and gravel (Pg): 2-64 mm; cobble, boulders and stones (Cb): >64 mm; Strahler’s (1952) stream order; Stream 

type according to Alves et al. (2004), for a brief description see table 3.1  

 Rivers 
(stretches) Alt Geol Catch. 

area 
Mean 

 disch. Temp. Substrate Order Type 

1. Mondego (C. Sta Maria) H Sil vs L P Sd / Cb 1 SLm5 
2. Quêcere H Sil s L S Cb 1 SLm5 
3. Caldeirão M Sil vs L P Cb 1 SLm2 
4. Mondego (Trinta) M Sil m M P Pg / Cb 2 MLm2 
5. Tamanhos M Sil s M D Sd / Pg 2 SLm2 
6. Coja M Sil s M S Sd / Cb 1 SLm2 
7. Carapito M Sil s M S Sd / Cb 1 SLm2 
8. Dão M Sil vs M S Pg 1 SLm2 
9. Muxagata M Sil s M S Sc / Cb 2 SLm2 
10. Gouveia M Sil s M S Sd / Cb 2 SLm2 
11. Ludares M Sil s M D Sd / Pg 1 SLm2 
12. Santos Evos M Sil s M P Cb 1 SLm2 
13. Coja M Sil m M P Sd 2 MLm3 
14. Tourais M Sil s L S Sc/ Pg 1 SLm2 
15. Alva (Sabugueiro) H Sil s M P Sd /Cb 1 SLm6 
16. Caniça M Sil s M P Pg /Cb 1 SLm6 
17. Alva (S. Gião) M Sil m H P Pg/ Cb 2 MLm5 
18. Alvôco M Sil m H P Pg /Cb 2 MLm2 
19. Louriga M Sil s M P Cb 1 SLm5 
20. Mortágua (Mortágua) L Sil m M P Sc / Cb 2 MLm3 
21. Falheiros L Sil s M P Pg / Cb 1 SLm2 
22. Mortágua (Vila Boa) L Sil s M P Pg / Cb 1 SLm2 
23. Criz (Pva do Lobo) L Sil m M P Cb 3 MLm5 
24. Criz (Cpo Besteiros) M Sil s M P Sd 1 SLm5 
25. Asnes M Sil s M P Sd 2 SLm2 
26. Dinha M Sil s M P Cb 2 SLm5 
27. Beijós M Sil s M S Sc / Pg 1 SLm3 
28. Cabanas (Cabanas) M Sil s M S Sd 1 SLm3 
29. Cabanas (Carregal Sal) M Sil s M D Sd / Pg 1 SLm3 
30. Cavalos (Tábua) L Sil s M S Sd / Cb 2 SLm3 
31. Covelo L Sil vs L D Pg / Cb 1 SLm3 
32. Cavalos (S. Geraldo) M Sil s M S Pg 2 SLm2 
33. Ribelas M Sil s M S Sd 1 SLm2 
34. Seia M Sil s M P Sd / Cb 2 SLm2 
35. Mata M Sil s M P Cb 1 SLm2 
36. Alva (Arganil) L Sil m M P Cb 3 MLm2 
37. Folques L Sil s M P Cb 1 SLm2 
38. Ceira (Casal Novo) M Sil s M P Cb 2 SLm2 
39. Ceira (Colmeal) M Sil m M P Cb 2 MLm2 
40. Sótão (Casal Ribeira) M Sil s M P Cb 2 SLm2 
41. Sótão (Penedo) M Sil s M P Sd /Cb 1 SLm2 
42. Alva (Moura Morta) L Sil m H P Cb 3 MLm3 
43. Moinhos L Cal vs M P Sd 1 SHm3 
44. Alcabideque L Cal s M S Sd / Pg 1 SHm3 
45. Mouros L Cal s L S Sc / Cb 1 SHm3 
46. Dueça M Sil s - E Pg 1 SHm3 
47. Corvo L Sil m M S Pg / Sd 2 MLm2 
48. Anços L Cal vs M P Pg / Sd 1 SMm3 
49. Venda Nova L Cal s L P Pg 1 SMm3 
50. Sto Amaro (Headwaters) L Cal vs L P Sd 1 SMm3 
51. Sto Amaro (Louriçal) L Cal vs M P Sd / Pg 1 SMm3 
52. Crespos L Cal vs M P Sd 1 SMm3 
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Typology schemes as management and assessment tools:  

are physical stream types biologically relevant?  

 

 

 
 
Abstract: Classification/ typology systems are useful approaches in partitioning natural spatial variability 
and thus helping in developing and implementing bioassessment methods. The use of typology schemes 
has become widely accepted in Europe especially after the publication of the EU Water Framework 
Directive (WFD). The major objective of this study was to test the biological relevance of six pre-defined 
physical stream types (WFD System-B). Macroinvertebrate samples were collected in 31 undisturbed sites 
in the Mondego River basin (Portugal) during three sampling occasions using a standardized methodology. 
Discriminant Analysis (DA) considering family level composition revealed (by pairwise centroid 
comparisons) that all stream types were significantly different and the cross-validation process showed 
that all stream types had more than 50% of their samples correctly assigned. In spite of this, 
macroinvertebrate communities of pre-defined stream types largely overlapped in a Correspondence 
Analysis (CA), indicating that the variation in macroinvertebrate community structure was primarily related 
to (i) stream permanence, (ii) a spatial gradient of altitude and mineralization and (iii) a temporal gradient. 
The low concordance between physical types and macroinvertebrate communities indicated by the CA 
was reinforced by (i) the low number of indicator taxa (indicator value method) for each stream type, (ii) the 
absence of significant taxon richness and total abundance differences among stream types and (iii) many 
taxa being common to all stream types or only sporadically occurring in a given site. Furthermore, DA 
cross-validation and CA results suggested that the tested physical types do not account for the effects of 
natural temporal changes (seasonal and interannual) and disturbances (mainly droughts) known to occur 
on macroinvertebrate communities of this river basin. Although the tested typology showed some efficiency 
in segregating macroinvertebrate communities with significant differences, it should be improved to 
incorporate these natural variations. Caution has to be taken in the use of physical types defined with the 
WFD-recommended approach since type-specific reference conditions will be established to be used as 
high ecological status thresholds in assessment programs and the exclusion of natural variability could 
lead to detecting impairment when it does not exist (type I statistical error). 
 
Key words: freshwater macroinvertebrates, bioassessment, natural variability, Water Framework 
Directive. 
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Introduction 

Macroinvertebrate stream communities are influenced by climatic, geological, 

morphological, hydrological, physico-chemical, sediment-size, riparian structure and quality 

among other features (e.g., Hellawell, 1986; Richards et al., 1996; Vinson & Hawkins, 1998; 

Beisel et al., 2000; Sandin 2003; Munné & Prat, 2004). Patterns of macroinvertebrate 

communities are expected to be best explained by a combination of numerous environmental 

variables, although sometimes single variables might explain a major part of the observed 

variation (Wiberg-Larsen et al., 2000). The properties of a habitat within an aquatic ecosystem 

are assumed to determine the types of macroinvertebrate communities (Bailey et al., 2004). 

Since stream sites are extremely diverse due to cumulative effects of multiple variables that act 

at different spatial scales it becomes extremely difficult if not impossible to use their biological 

communities for biomonitoring purposes without simplifying this variability. 

Subdivision of the aquatic landscape into ecoregions, classes and types according to 

patterns of climate, topography, vegetation, and other factors has been extensively performed in 

the USA (e.g., Hawkins et al., 2000a), Australia (e.g., Turak & Kloop, 2008), and Europe, from 

early on (Pennak, 1971; Wasson, 1989) to recent days (e.g., Moreno et al., 2006; Sandin & 

Verdonschot, 2006). The classification/typology/regionalization of rivers and streams works as a 

generalisation tool helping to summarise the natural variability of existing biological conditions. 

These are useful approaches in partitioning natural spatial variability (Sandin & Verdonschot, 

2006), even if creating artificial discontinuities that do not exist in nature (Gerritsen et al., 2000). 

The use of a typology approach has become widely accepted in Europe especially after 

the publication of the European Union (EU) Water Framework Directive (WFD) (European 

Commission, 2000; Hering et al., 2003, 2004). This Directive requires EU Member States to 

differentiate the relevant surface water bodies with respect to type using either ”System-A” or 

”System-B” (Wallin et al., 2003). However, while WFD System-A defines types according to 

ecoregions (Illes, 1978) and based on fixed categories for altitude (lowland <200, mid-altitude 

200-800, high> 800 m a.s.l.), catchment area (small 10-100, medium 100-1000, large  

1000-10000, very large> 10000 km2) and geology (siliceous, calcareous, organic), WFD 

System-B does not provide fixed ranges for these obligatory descriptors and includes two 

additional obligatory variables (latitude and longitude) and a variety of physical and chemical 

optional factors. WFD typology systems will then define relatively homogeneous river and 

stream units, in terms of geomorphological, physicochemical, hydrological and/or climatic 

characteristics. A river or stream type was recently defined as an artificially delineated but 

potentially ecologically meaningful entity with limited internal biotic (taxa composition) and 

abiotic (chemical and hydromorphological) variation and a biotic and abiotic discontinuity toward 

other types (Hering et al., 2004). 
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Both WFD typology systems stand for top-down approaches, where previous 

knowledge, such as abiotic criteria, is used to identify aquatic landscape units (e.g., Munné & 

Prat, 2004; Ferréol et al., 2005; Sánchez-Montoya et al., 2007). As catchment geomorphology 

and climate-related variables are often strong predictors of macroinvertebrate assemblages 

(Richards et al., 1996; Hawkins et al., 2000a; Verdonschot & Nijboer, 2004; Chaves et al., 

2005), sites within the same WFD type or any other physical stream class that were based on 

these factors are expected to represent relatively distinct ecological units for invertebrate 

communities (Verdonschot, 2006a; Sánchez-Montoya et al., 2007). Alternatively, in bottom-up 

approaches, aquatic biological data are used to group similar stream sites (e.g., Wright et al., 

1984, Parsons & Norris, 1996; Marchant et al., 1997; Ehlert et al., 2002; Heino et al., 2003; 

Lorenz et al., 2004; Dodkins et al., 2005; Sánchez-Montoya et al., 2007). To accomplish this 

purpose biotic data should be collected in reference sites (Hering et al., 2004) since human 

stress reduces natural differences between communities (Verdonschot, 2006a). Additionally, 

there is a third combined option that consists in testing and refining physically derived classes 

with a subsequent or simultaneous analysis of undisturbed biological data (Gerritsen et al., 

2000; Dodkins et al., 2005). 

Once typology is established, type-specific biological reference conditions (RC) can 

finally be defined as required by the WFD, i.e. the natural status of each water body type can be 

characterized. RC will consequently provide the baseline against which to measure 

anthropogenic impacts of a test site, describe the biological community potential and define 

spatial and temporal natural variability (Reynoldson et al., 1997; Economou, 2002; Wallin et al., 

2003; Bailey et al., 2004). Type-specific biological RC should clearly differ from each other and 

their natural variation must not be mistaken by anthropogenic degradation. Thus, the final aim of 

an optimal typology in the WFD context should be to assist in accurately defining biological 

reference conditions and subsequent biological assessment systems to evaluate the ecological 

quality of stream sites beyond natural variation (European Commission, 2000; Gerritsen et al., 

2000; Bailey et al., 2004; Dodkins et al., 2005). Well-defined rivers and stream types will reduce 

the likelihood of inferring impairment when it does not exist (type I statistical error) or not 

detecting impairment when it does exist (type II statistical error) (Hawkins et al., 2000a). In a 

broader context, an optimal typology will also improve ecological research, conservation 

planning and biodiversity management (e.g., Hawkins et al., 2000a; Verdonschot & Nijboer, 

2004; Heino & Mykra, 2006). Simply put, by using geographic classification, sampling is more 

cost-effective and a water quality baseline (Sandin & Johnson, 2000) and ecological status 

thresholds can be defined for each stream class/type/region.  

Several recent studies tested the concordance between landscape classifications and 

the variability of stream communities (e.g., Hawkins & Vinson, 2000; Marchant et al., 2000; 

Waite et al., 2000; Moog et al., 2004; Snelder et al., 2004; Verdonschot & Nijboer, 2004; 
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Dodkins et al. 2005; Heino & Mykra, 2006; Verdonschot, 2006a; Sánchez-Montoya et al., 2007). 

These studies addressed landscape classifications obtained with very different typology 

systems, such as WFD System-A (e.g., Verdonschot & Nijboer, 2004; Dodkins et al., 2005) and 

System-B (e.g., Sánchez-Montoya et al., 2007), and simpler systems based on stream width 

and/or order (Van Sickle & Hughes, 2000; Heino & Mykra, 2006). They also considered different 

spatial scales, from European (e.g., Verdonschot, 2006a), ecoregion (Sandin & Johnson, 2000; 

Moog et al., 2004) and country levels (e.g., Dodkins et al., 2005), to smaller regions (e.g., Heino 

& Mykra, 2006; Sánchez-Montoya et al., 2007). Some studies concluded that major 

macroinvertebrate distribution patterns are well-distinguished in terms of spatial classes (e.g., 

Verdonschot and Nijboer, 2004; Sánchez-Montoya et al., 2007) but others found that although 

stream assemblages often showed statistically significant differences between landscape 

classes, the actual strength of these classifications was rather weak (Hawkins et al., 2000a; 

Heino & Mykra, 2006).  

A river and stream typology was defined for Continental Portugal by Alves et al. (2004) 

following the top-down approach indicated by the WFD System-B. Twenty seven river and 

stream types were defined, which was considered an extremely high number that should be 

reduced using the current knowledge of natural species distribution, according to the authors. 

Knowing that among-site natural variability in macroinvertebrate community structure of 

the Mondego River basin is related primarily to geomorphological characteristics such as 

altitude and conductivity, acting as a proxy for hydrogeology (Chaves et al., 2005), it is expected 

that macroinvertebrate stream communities show some level of concordance with the pre-

defined physical stream types. The present paper tests the robustness and the biological 

relevance of the geomorfo-climatic classification proposed by Alves et al. (2004). For that 

purpose, consistency between the a priori WFD System-B typology for the Mondego River basin 

and macroinvertebrate biological data collected in roughly undisturbed sites of the Mondego 

River basin is examined. Unlike previous studies emphasis is given to natural temporal 

variations. 

 

 

Methods 

Study area and selection of sampling sites 

The Mondego River basin (Figure 4.1) drains an area of 6645 km2 into the Atlantic 

Ocean (Loureiro et al., 1986) and it is located in the central region of Portugal, within ecoregion 

1 (as defined by Illes, 1978). Altitude of the drainage basin ranges from nearly 2000 m a.s.l. to 

sea level. The Mondego itself is the largest entirely Portuguese river with a length of 234 km, 

beginning at an altitude of 1547 m a.s.l. (Loureiro et al., 1986). Hydrogeological features 
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determine two major areas in the Mondego River basin: an essentially siliceous area in the 

upper and middle regions of the basin and a mainly calcareous area in its lower section (AMBIO 

et al., 1999). This basin is located in a region of Mediterranean-type climate, strongly influenced 

by the Atlantic Ocean. It presents high variability in the annual freshwater discharge and 

consequently several rivers and streams vary from flooded to dry in the same year (Lima & 

Lima, 2002).  
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Figure 4.1- Location of the sampling sites in the Mondego River basin (Portugal) and corresponding stream 

types according to the WFD - B system (Alves et al., 2004) (see table 4.1). 

 

The natural hydrology of the basin has been heavily changed by the construction of 

several major dams and hundreds of small weirs. Intensive and extensive agriculture cover 

respectively about 5% and more than 35% of the catchment area, while other artificial areas 

(urban, industrial and roads) account for 3%. Natural or semi-natural areas cover more than 

50% of the catchment. Nevertheless, very few river or stream stretches were identified as 

reference sites when using pressure criteria related to benthic macroinvertebrate communities, 
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riparian vegetation, in-stream habitat quality, chemical parameters and social attributes (Chaves 

et al., 2006).  

Site selection was initially based on maps, literature and a preliminary field campaign 

performed during early spring 2002. These sampling sites (Figure 4.1) are roughly undisturbed 

systems since they excluded streams in the vicinity of urban, industrial or intensely cultivated 

areas, near dams, water withdrawals, high density of roads or other structures and known to 

have fish stocking and fishing activity. All sites have no or only minor evidences of human 

disturbance, presence of expected riparian vegetation, good apparent in-stream habitat quality 

(for details see Preliminary site inspection section in Chaves et al., 2006). For the present study, 

a site with high ecological water quality, i.e. a value of the Iberian BioMonitoring Working Party 

index (IBMWP) higher than 100 during all three sampling occasions (Jáimez-Cuéllar et al., 

2002) was considered as roughly undisturbed (for further comprehension about the use of 

IBMWP, see also the Spatial analysis section in the discussion of Chaves et al., 2006).  

 

Macroinvertebrate sampling 

Macroinvertebrate communities of the selected sites were sampled during spring and 

summer 2002 and again in spring 2004 since undisturbed freshwater macroinvertebrate 

communities of the Mondego River basin show seasonal variations related to hydrological 

changes (Chaves et al., 2005) and inter-annual variations related to an irregular precipitation 

regime (Feio et al., 2006). Some sites were completely dry during the summer campaign and 

were sampled only when water was present. Macroinvertebrates were always collected by the 

same operator using a 30x30 cm kick-net with a 250 µm mesh size. Care was taken to include 

all possible habitats over representative sections of the stream (a 100 m stretch), incorporating 

riffles, runs, and pools if these habitats were present in the stream stretch in question, similar to 

the multi-habitat sampling procedure used in the USA (Barbour et al., 1999). Effort was 

allocated in proportion to the occurrence of each habitat, resulting in a sampling area of 

approximately 3 m2. Composite samples were preserved in 100% ethanol, transported to the 

laboratory where they were rinsed using a 250 µm mesh size, sorted under magnification and 

preserved in 70% ethanol.  

The sorting process of a biological sample involved removing large, common and rare 

organisms during three sequential steps: [1] all specimens larger than 1000 µm were sorted; 

 [2] at least 250 specimens (<1000 µm) were removed according to an area based method to 

allow an estimation of macroinvertebrate total abundance; [3] all the sample was screened, 

looking only for non-abundant specimens, i.e. which had not been sorted into the 250 

specimens-group, to guarantee that all taxa present were detected. Macroinvertebrates were 
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identified to the family or higher taxonomical levels (e.g. Oligochaeta) according to Tachet et al. 

(2000).  

Stream and river types 

The typology work of Alves et al. (2004) was used to allocate each studied site into the 

correspondent river or stream type. In Alves et al. (2004), Portuguese morpho-climatic groups 

were established based on altitude, latitude, longitude (three WFD System-B obligatory 

descriptors), runoff-related, precipitation-related and temperature-related variables. Four 

different morpho-climatic groups were identified in the Mondego River basin region and acted as 

background to establish the river typology according to WFD System-B (Table 4.1). When 

catchment area and geology variables (WFD System-B obligatory variables) were introduced in 

the model, 13 river and stream physical types were identified within the Mondego River basin 

(Alves et al., 2004) (Table 4.1). 

 
Table 4.1. River and stream types of the Mondego River basin, following the WFD - B system (Alves et al., 2004). 

Portuguese morpho-climatic groups were established based on altitude, latitude, longitude, runoff-related, precipitation-

related and temperature-related variables. Morpho-climatic groups were numbered according to Alves et al. (2004) and 

only four of the six Portuguese morpho-climatic groups were found in the Mondego River basin region (Alves et al., 

2004). Shadowed types were studied in this work 

Catchment area Geology Morpho-climatic group River or stream type 
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Matching stream and river types with macroinvertebrate communities 

A set of 92 macroinvertebrate samples collected from the undisturbed sites during the 

three sampling occasions were considered to test the previously defined river and stream types. 

Prior to all analyses, macroinvertebrate abundance data were log10(x+1) transformed. 

Discriminant analysis (DA), conducted using the SPSS statistical software package 

(Anonymous, 1997), was used to test the top-down approach proposed by Alves et al. (2004). 

DA investigated significant differences between the pre-determined groups (stream and river 

types, with sampling occasions as replicates) and identified which taxa best discriminated 

between groups. DA uses a set of response variables to derive discriminant functions (DFs), 

which are linear combinations of the original variables. One discriminant model was generated 

starting from a 78 invertebrate taxa matrix (mostly families), out of 101 taxa, since taxa with less 

than 0.05% of total abundance were a priori removed from the analysis for robustness. 

Employing the selection rule that maximises minimum Mahalanobis distance between groups, 

stepwise procedures (F to enter of 3.84 and F to remove of 2.71) were used to choose the 

combination of taxa that best separate those groups. A Wilks' λ test (approximated to the chi-

square distribution) was used to examine the significance of the model as a whole (Hair et al., 

1998). Statistical significance and the proportion of total variance explained of individual DFs 

were determined. The F-statistic was used to test the H0 of equality of means (centroids) for 

each pair of groups. The results of these pairwise group comparisons were corrected through 

the application of the Dunn-Sidák method using the Holms procedure (Sokal & Rohlf, 1995). 

Mahalanobis distances were obtained from the F-statistics computed for each of these pairwise 

comparisons by the formula given in Afifi & Clark (1990). DFs were used to classify individual 

samples into stream types (groups). The expected actual error rates of the classification 

functions were estimated using cross-validation with the leaving-one-out procedure 

(Anonymous, 1997). In cross-validation, each sample is classified by the functions derived from 

all samples other than that sample. The classification accuracy was tested by the Press’s Q 

procedure (Hair et al., 1998). The potency index and discriminant loadings were used to assess 

the relative importance of each independent variable in discriminating between groups (Hair et 

al., 1998). The potency index is a measure of the discriminating power of each independent 

variable. Discriminant loadings measure the simple linear correlation between each independent 

variable and each DF. Two-dimensional plots showing group centroids and individual 

observations were produced for the first three statistically significant DFs. These plots indicate 

the level of similarity between groups in terms of the discriminant functions. Assignment of taxa 

to a given DF axis was based on a comparison of the magnitude of their canonical loadings 

(correlation values between DFs and the taxon) for each significant DF. Each taxon was 

assigned to the DF with the highest loading. Only taxa with loadings >0.30 (absolute value) 
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were used as axis labels. Direction of the effect of a specific individual taxon along a given DF 

axis was based on the sign (+ or -) of the loadings.  

To complement the DA, the Indicator Value (IndVal, Dufrêne & Legendre, 1997) method 

was used to search for significant indicator taxa in each stream type (sampling occasions as 

replicates). The IndVal method determines indicator taxa by combining the relative taxon 

abundance with its relative frequency of occurrence in the various groups of sites (i.e. stream 

types). The IndVal for each taxon ranges from a minimum of 0% to a maximum of 100%, the 

latter attained when all specimens of a taxon are found in a single group of samples and when 

the taxon occurs in all samples of that group. Taxa with an IndVal higher than 25% contribute to 

the stream type-specificity and only these were considered as characteristic taxa (see Dufrêne 

& Legendre, 1997). The significance (P<0.05) of each taxon IndVal was tested to investigate if 

taxa were characteristic of a stream, using a site randomization procedure that reallocates 

samples among sample groups (9999 permutations) (Dufrêne & Legendre, 1997). Thus, an 

IndVal and a P-value were associated to each taxon. The labdsv package in software R 

(R Development Core Team, 2006) was used for computations. 

Univariate comparisons of taxon richness, total abundance and abundance of specific 

taxa among stream types were performed using one-way ANOVA.  

A Correspondence Analysis (CA) was performed on the macroinvertebrate abundance 

matrix of all taxa, for each site and sampling occasion, to inspect if sites within a stream type 

had a more similar community structure than sites included in different stream types. CA, an 

indirect ordination technique, was used as a bottom-up statistical tool, with no a priori 

assumptions. In CA, the samples are located in a multidimensional space based on their 

taxonomic composition (ter Braak & Šmilauer, 2002). Inter-sampling with the Hill’s scaling was 

chosen to optimise the position of the samples in the diagram (ter Braak & Šmilauer, 2002). 

Closer sites, in the resulting ordination plot (first and second ordination axes), are expected to 

have related invertebrate community structure, since compositional gradients are obtained. 

Within the ordination plot, samples were labelled according to stream type. The overlap 

between stream types was established by drawing contour lines (not shown) around types 

(minimizing overlap) and summing up all the overlapping samples. Calculation of the overlap 

was restricted to the first two ordination axes. Only stream types with an overlap <25% of the 

samples were identified as an individual group (see Verdonschot, 2006b for this method). The 

software CANOCO for Windows ver. 4.5 (ter Braak & Šmilauer, 2002) was used to perform the 

CA. 

 

Results 

Fifty-two sites were chosen during the preliminary visual inspection but only 33 sites 

fulfil the high ecological water quality criterion (Table 4.2, Figure 4.1).  
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Table 4.2. Overview of the characteristics of sites investigated in the Mondego River basin. Descriptors include Altitude (A) - low 

(L): < 200 m; mid (M): 200-800 m; high (H) >800 m; Geology (G) - siliceous streambed (Sil); calcareous streambed (Cal); 

Catchment area (Ca)- very small (vs): < 10 km2; small (s): 10-100 km2; medium (m): 100-1000 km2; Mean discharge (Md) - low 

(L): < 0.05 m3 s-1; mid (M): 0.05-1.00 m3 s-1; high (H): 1.00-5.00 m3 s-1; Temporality (T) - permanent streams (P); streams with 

pools or stagnated water (S) and dry (D) during a sampling campaign; ephemeral streams (E); Predominant substrate size (S) - 

silt and clay (Sc): <0.06 mm; sand (Sd): 0.06-2 mm; pebbles and gravel (Pg): 2-64 mm; cobble, boulders and stones (Cb): 

>64 mm; and Strahler’s stream order (O). Stream type according to Alves et al. (2004) is also given - for a brief description see 

table 4.1. IBMWP values for each sampling occasion - > 100 (x), < 100 (0). Sites with an IBMWP > 100 in all sampling occasions 

were selected for the present study (x, in IBMWP Total), except stream types MLm5 and SLm3 due to lack of sites 

Descriptor IBMWP 
 Rivers  

(stretches) A G Ca Md T S O 
Type 

Sp 02/ Sm 02/ Sp 04 Total 

1. Mondego (C. Sta Maria) H Sil vs L P Sd / Cb 1 SLm5 x/ x/ x x 
2. Quêcere H Sil s L S Cb 1 SLm5 x/ x/ x x 
3. Caldeirão M Sil vs L P Cb 1 SLm2 x/ x/ x x 
4. Mondego (Trinta) M Sil m M P Pg / Cb 2 MLm2 x/ x/ x x 
5. Tamanhos M Sil s M D Sd / Pg 2 SLm2 0/ Dry/ 0 0 
6. Coja M Sil s M S Sd / Cb 1 SLm2 x/ x/ x x 
7. Carapito M Sil s M S Sd / Cb 1 SLm2 x/ x/ x x 
8. Dão M Sil vs M S Pg 1 SLm2 x/ 0/ 0 0 
9. Muxagata M Sil s M S Sc / Cb 2 SLm2 x/ 0/ 0 0 
10. Gouveia M Sil s M S Sd / Cb 2 SLm2 x/ x/ x x 
11. Ludares M Sil s M D Sd / Pg 1 SLm2 x/ Dry/ x x 
12. Santos Evos M Sil s M P Cb 1 SLm2 x/ x/ x x 
13. Coja M Sil m M P Sd 2 MLm3 x/ x/ x x 
14. Tourais M Sil s L S Sc / Pg 1 SLm2 x/ x/ x x 
15. Alva (Sabugueiro) H Sil s M P Sd / Cb 1 SLm6 x/ x/ x x 
16. Caniça M Sil s M P Pg / Cb 1 SLm6 x/ x/ x x 
17. Alva (S. Gião) M Sil m H P Pg / Cb 2 MLm5 x/ x/ x x 
18. Alvôco M Sil m H P Pg / Cb 2 MLm2 x/ x/ x x 
19. Louriga M Sil s M P Cb 1 SLm5 x/ x/ x x 
20. Mortágua (Mortágua) L Sil m M P Sc / Cb 2 MLm3 0/ 0/ 0 0 
21. Falheiros L Sil s M P Pg / Cb 1 SLm2 x/ x/ x x 
22. Mortágua (Vila Boa) L Sil s M P Pg / Cb 1 SLm2 x/ x/ x x 
23. Criz (Pva do Lobo) L Sil m M P Cb 3 MLm5 x/ x/ 0 0 
24. Criz (Cpo Besteiros) M Sil s M P Sd 1 SLm5 x/ x/ x x 
25. Asnes M Sil s M P Sd 2 SLm2 x/ x/ x x 
26. Dinha M Sil s M P Cb 2 SLm5 x/ x/ 0 0 
27. Beijós M Sil s M S Sc / Pg 1 SLm3 x/ x/ 0 0 
28. Cabanas (Cabanas) M Sil s M S Sd 1 SLm3 0/ 0/ 0 0 
29. Cabanas (Carregal Sal) M Sil s M D Sd / Pg 1 SLm3 x/ Dry/ 0 0 
30. Cavalos (Tábua) L Sil s M S Sd / Cb 2 SLm3 x/ 0/ 0 0 
31. Covelo L Sil vs L D Pg / Cb 1 SLm3 x/ Dry/ x x 
32. Cavalos (S. Geraldo) M Sil s M S Pg 2 SLm2 x/ 0/ 0 0 
33. Ribelas M Sil s M S Sd 1 SLm2 x/ x/ x x 
34. Seia M Sil s M P Sd / Cb 2 SLm2 x/ x/ x x 
35. Mata M Sil s M P Cb 1 SLm2 x/ x/ x x 
36. Alva (Arganil) L Sil m M P Cb 3 MLm2 x/ 0/ 0 0 
37. Folques L Sil s M P Cb 1 SLm2 x/ x/ x x 
38. Ceira (Casal Novo) M Sil s M P Cb 2 SLm2 x/ x/ x x 
39. Ceira (Colmeal) M Sil m M P Cb 2 MLm2 x/ x/ x x 
40. Sótão (Casal Ribeira) M Sil s M P Cb 2 SLm2 x/ 0/ 0 0 
41. Sótão (Penedo) M Sil s M P Sd / Cb 1 SLm2 x/ x/ x x 
42. Alva (Moura Morta) L Sil m H P Cb 3 MLm3 x/ x/ x x 
43. Moinhos L Cal vs M P Sd 1 SHm3 x/ x/ 0 0 
44. Alcabideque L Cal s M S Sd / Pg 1 SHm3 0/ 0/ 0 0 
45. Mouros L Cal  s L S Sc / Cb 1 SHm3 0/ 0/ 0 0 
46. Dueça M Sil s - E Pg 1 SHm3 Dry / Dry / Dry 0 
47. Corvo L Sil m M S Pg / Sd 2 MLm2 x/ x/ x x 
48. Anços L Cal vs M P Pg / Sd 1 SMm3 0/ x/ 0 0 
49. Venda Nova L Cal  s L P Pg 1 SMm3 x/ x/ x x 
50. Sto Amaro (Headwaters) L Cal  vs L P Sd 1 SMm3 x/ x/ x x 
51. Sto Amaro (Louriçal) L Cal  vs M P Sd / Pg 1 SMm3 x/ x/ x x 
52. Crespos L Cal vs M P Sd 1 SMm3 0/ x/ 0 0 
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Eight of the 13 river or stream types identified in the Mondego River basin were 

represented by the 33 selected sites. One stream type was represented by 16 sites (SLm2) and 

the other stream types included four or less sites (Table 4.2, see table 4.1 for a brief description 

of stream and river types). None of these 33 stretches was located in large-sized rivers mainly 

due to severe regulation and urban proximity. Most of the selected sites had small catchment 

areas (5-1002 km) and none was larger than 640 km2. The majority of the selected sites (64%) 

were placed at mid-height (200-800m), and 27% and 9% of them were positioned at lower and 

higher altitudes, respectively. Most of the sites were located in siliceous river-beds (91%), while 

the remaining sites were predominantly calcareous (Table 4.2). Only 2 sites were completely 

dry during summer but around 20% presented stagnated water or pools (Table 4.2). Stream 

types SLm3 (site 31) and MLm5 (site 17) included only one site each and were, therefore, not 

considered for further analyses (Tables 4.1 and 4.2, Figure 4.1). Hence, six stream types were 

kept for analysis. 

The DA stepwise analysis, used to test the top-down approach, included 12 of the 78 

independent variables (taxa) in a significant model (χ2 = 278.6; df = 60; P<0.001) that 

discriminated the six groups of streams. Comparisons of centroids for each pair of stream types 

indicated that each type was significantly different from all other stream types (Table 4.3). 

Mahalanobis distances between centroid pairs were always longer towards stream type SMm3 

and secondly towards SLm6, except for stream types MLm3 and SMm3 itself, that were more 

distant from SLm6 (Table 4.3, Figure 4.2). In the DA cross-validation all stream types had more 

than 50% of their samples correctly classified. Most of the misplaced samples were originally 

included in stream type SLm2 and samples were 100% correctly classified in stream type 

SMm3. Nine sites were correctly classified in all sampling occasions, while all other sites were 

misclassified at least in one sampling occasion out of three. Fifteen of the 34 misclassified 

samples were collected during spring 2002, 13 during spring 2004, and only six during summer 

2002. Cross-validation results were significantly better than chance (Press’s Q = 142.46; df =1; 

P<0.001).  

Taxa included in the significant DA model were: Limoniidae, Aphelocheiridae, 

Leptophlebiidae, Hydrobiidae, Tricladida, Brachycentridae, Gammaridae, Coenagrionidae, 

Oligoneuriidae, Thremmatidae, Rhyacophilidae and Baetidae (ordered by entrance in the 

model, Table 4.4). Most of the variance in family level community composition between stream 

types was explained by the first two DFs (Table 4.5). All first four DFs were statistically 

significant (Table 4.5). DF-1 accounted for about 43% of the variability and primarily represents 

the difference between stream type SMm3 and all other types (Figures 4.2a, 4.2b). Stream 

types with higher values along DF-1 exhibit increasing similarity to stream type SMm3 and had 

higher abundance of Limoniidae, while those with lower values along this axis are more similar 

to type SLm6 and showed higher abundances of Leptophlebiidae (Figure 4.2d, Table 4.4).  

 107



Are physical stream types biologically relevant? 

Table 4.3. Paired comparisons between group centroids of stream types using log-transformed family level 

abundance data (df= 12, 75). Provided are F statistics with P values (corrected by the Dunn-Sidák method 

using the Holms procedure) and Mahalanobis distances (MD) for each comparison 

Stream Type  MLm3 SLm2 SLm5 SLm6 SMm3 

MLm2 F test 3.802 4.916 4.641 6.619 9.903 
 P <0.001 <0.001 <0.001 <0.001 <0.001 
 MD 6.055 3.276 4.927 10.541 12.267 
      

MLm3 F test 3.031 5.614 7.580 8.981 
 P 0.002 <0.001 <0.001 <0.001 
 MD 3.629 8.941 16.095 15.892 
     

SLm2 F test 4.590 6.039 13.629 
 P <0.001 <0.001 <0.001 
 MD 3.059 7.230 11.494 
    

SLm5 F test 7.211 9.790 
 P <0.001 <0.001 
 MD 11.484 12.127 
   

SLm6 F test 11.869 
 P <0.001 
 MD 21.003 

 

 
Table 4.4. Discriminant loadings and potency index of taxa included in the DA significant model and 

other important taxa (loading >0.30 in absolute value, in bold). Variables ordered by absolute size of 

correlation within function. Taxa in bold were used as axis labels in Figure 4.2d 

Discriminant loadings 
Taxon 

DF-1 DF-2 DF-3 DF-4 DF-5 
Potency 

index 

Limoniidae  0.37 0.23 -0.01 -0.11 0.06 0.08 
Brachycentridae  -0.20 0.54 -0.08 0.14 0.53 0.10 
Thremmatidae  -0.14 0.41 -0.16 0.02 0.34 0.06 
Leptophlebiidae  -0.30 0.34 0.13 -0.24 -0.23 0.08 
Calamoceratidae* -0.08 -0.31 0.08 0.07 -0.17 * 
Hydrobiidae  0.24 -0.23 -0.44 -0.09 0.32 0.08 
Coenagrionidae  0.02 -0.01 0.42 -0.17 0.35 0.04 
Caenidae* 0.06 -0.11 0.31 0.22 0.04 * 
Gammaridae  0.32 0.01 -0.04 0.46 -0.10 0.08 
Aphelocheiridae  -0.05 -0.21 0.42 0.43 0.24 0.07 
Oligoneuriidae  -0.07 -0.26 -0.14 0.36 0.19 0.04 
Haliplidae* -0.09 -0.07 -0.05 -0.31 0.03 * 
Rhyacophilidae  -0.16 -0.15 -0.11 -0.17 0.68 0.04 
Hydropsychidae* 0.04 0.06 0.14 0.11 0.43 * 
Psychodidae* -0.08 0.21 -0.11 0.12 0.37 * 
Baetidae 0.13 0.11 -0.04 -0.10 0.35 0.02 
Simuliidae* 0.01 -0.01 0.05 0.00 0.35 * 
Elmidae* 0.03 0.15 0.11 -0.02 0.33 * 
Hydraenidae* 0.04 0.09 0.11 0.03 0.32 * 
Glossosomatidae* 0.04 -0.07 -0.23 -0.14 0.31 * 
Tricladida 0.08 0.24 0.21 -0.06 0.29 0.03 
* Variable not included in the DA model. 
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Table 4.5. Tests of significance for the discriminant functions (DF), eigenvalues and variance explained due to stream 

types 

Tests of Significance  Variance explained Test of 
function(s) Wilk’s λ Chi-square df Sig.  

DF Eigenvalue 
Proportion Cumulative 

1 through 5 0.033 278.626 60 <0.001  1 2.376 43.4    43.4 

2 through 5 0.113 178.846 44 <0.001  2 1.261 23.0    66.4 

3 through 5 0.255 111.946 30 <0.001  3 0.930 17.0    83.3 

4 through 5 0.493 58.021 18 <0.001  4 0.762 13.9    97.2 

5 0.869 11.554   8 0.172  5 0.151   2.8 100.0 
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Figure 4.2. Discriminant function (DF-1, -2 and -3) scores for centroids of each stream type with corresponding 

standard error (a, b and c). Taxa assigned to each DF based on the highest loading (>0.30 in absolute value) (d). 
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DF-2, which accounted for approximately 23% of the variability, predominantly 

represents differences between stream type SLm6 and MLm3 and all other stream types 

(Figures 4.2a, 4.2c). Stream types with higher values along DF-2 were characterized by higher 

abundances of Leptophlebiidae, Brachycentridae and Thremmatidae (Figure 4.2d; Table 4.4). 

The remaining DFs each explained less then 20% of the variance. DF-3 discriminated stream 

type SLm5 from others (Figures 4.2b, 4.2c) and correlates positively with Coenagrionidae and 

negatively with Hydrobiidae (Figure 4.2d; Table 4.4). Although not shown in figure 4.2, DF-4 

discriminated positively stream type MLm2 from all the remaining types, with the highest 

positive correlations with Gammaridae, Aphelocheiridae and Oligoneuriidae and the maximum 

negative correlation with Haliplidae (Table 4.4).  

Twenty-two insect families, three Mollusca families and four other Arthropoda and 

Oligochaeta groups showed significant differences in abundance among stream types when 

tested with one way ANOVA (Table 4.6). These organisms include all taxa in the DA model, 

except for the Baetidae family. More than 30 taxa were common to all stream types and around 

20 occurred only at one or two sites with abundance lower than 0.05% of total captures. 

 

Table 4.6. Taxa with significant differences in abundance among stream types (based on ANOVA: 

df= 5, 86; P< 0.05)  

Taxa F Sig.  Taxa F Sig. 

Leptophebiidae 7.33 <0.01  Rhyacophilidae 3.29 0.01 

Oligoneuriidae 3.75 <0.01  Brachycentridae 8.89 <0.01 

Nemouridae 4.16 <0.01  Thremmatidae 5.21 <0.01 

Perlidae 2.30 0.05  Sericostomatidae 2.90 0.02 

Chloroperlidae 2.40 0.04  Chironomidae 2.79 0.02 

Calopterygidae 2.84 0.02  Limoniidae 7.00 <0.01 

Coenagrionidae 3.52 0.01  Ephydridae 4.39 <0.01 

Cordulegasteridae 3.71 <0.01  Hidracarina 3.63 0.01 

Aphelocheiridae 6.42 <0.01  Hydrobiidae 7.01 <0.01 

Haliplidae 4.00 <0.01  Lymnaeidae 2.22 0.05 

Hydrophilidae 2.76 0.02  Sphaeridae 2.23 0.05 

Hydraenidae 2.35 0.05  Gammaridae 6.92 <0.01 

Elmidae 5.31 <0.01  Tricladida 2.48 0.04 

Scirtidae 2.83 0.02  Ostracoda 4.72 <0.01 

Polycentropodidae 4.15 <0.01  Oligochaeta 2.86 0.02 

 

 

No significant differences were found in taxon richness among stream types (based on 

ANOVA: F = 0.89; df = 5, 86; P = 0.49; Figure 4.3). Very few of the 67, 89, 73, 58, 56 and 62 

taxa recorded in the SLm5, SLm2, MLm2, MLm3, SLm6 and SMm3 stream types, respectively, 
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were characteristic of a stream type (Table 4.7). No significant differences were found in total 

abundance among stream types (based on ANOVA: F= 1.54; df= 5, 86; P= 0.19; Figure 4.3). 
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Figure 4.3. Mean taxon richness (a) and mean total abundance (b) in 

each physical stream type with respective standard errors.  

 
 

Table 4.7. Significant indicator taxa among stream types (P<0.05) 

Stream type Taxa Indval       P 

SLm5 Coenagrionidae* 24.27 0.034 
SLm2 Cordulegasteridae 34.20 0.033 
MLm2 Aphelocheiridae* 44.83 0.008 

Rhyacophilidae* 58.82 0.002 
Philopotamidae 45.56 0.047 
Oligoneuriidae* 37.91 0.013 

MLm3 

Lestidae 33.85 0.011 
Brachycentridae* 65.97 0.002 
Leptophlebiidae* 52.80 0.003 
Thremmatidae* 41.54 0.004 
Scirtidae 38.69 0.019 

SLm6 

Chloroperlidae 34.93 0.043 
Limoniidae* 60.83 0.002 

Hydrobiidae* 42.87 0.025 

Baetidae* 38.01 0.040 
SMm3 

Ostracoda 37.65 0.031 
Taxa with * are common to the DA significant model. 
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Concerning the bottom-up approach, CA ordination of 78 macroinvertebrate taxa and 

92 samples is shown in figure 4.4. The first two axes explained 13.8% of the total variance in 

biological data with a total inertia of 2.21. Samples seem to follow a complex gradient of 

temporal and spatial factors (Figure 4.4a). Samples belonging to temporary and permanent 

streams are separated along the first axis but they do not form distinct groups (Figure 4.4a) 

showing that there is not a clear segregation of the biological data. A clear temporal pattern 

segregating samples collected during summer from others collected in spring was found along 

the second axis. A spatial gradient of altitude and mineralisation was also identified (Figure 

4.4a). A CA-derived typology is, therefore, hard to obtain. When the correspondent pre-defined 

physical stream type is associated to each sample (Figure 4.4b), the variation within and the 

overlap among stream types is substantial, although differing markedly. Stream type SLm6 is 

the only clearly separated from all the remaining, while SLm2 strongly overlap with most stream 

types (Table 4.8). 
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Figure 4.4 - Ordination (CA) of family invertebrate abundance. Samples are represented by different symbols according to the legend within each plot: a) samples are marked 

according to sampling occasions and temporary vs. permanent streams; most probable temporal and spatial patterns are indicated by arrows with the arrowhead pointing in the 

direction of increasing influence; b) samples are marked according to the pre-defined physical stream types by Alves et al. (2004). Eigenvalues and % of variance explained by 

the first four axes are given.  
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Table 4.8. Percentage of overlap between stream types, according to the two first ordination axes of the 

CA 

Source 
stream type Overlap with  

Overlap 
% 

Source 
stream type Overlap with  

Overlap 
% 

SLm2 17.0  SLm5 25.0 

MLm2 16.6  SLm2 21.3 
MLm3 33.3  MLm2 25.0 

SLm6 0.0  SLm6 0.0 

SLm5 

SMm3 11.1  

MLm3 

SMm3 55.6 

SLm5 83.3  SLm5 0.0 

MLm2 50.0  SLm2 2.1 
MLm3 83.3  MLm2 0.0 
SLm6 16.6  MLm3 0.0 

SLm2 

SMm3 55.5  

SLm6 

SMm3 0.0 

SLm5 33.3  SLm5 25.0 

SLm2 19.2  SLm2 36.2 

MLm3 33.3  MLm2 25.0 

SLm6 0.0  MLm3 50.0 

MLm2 

SMm3 22.2  

SMm3 

SLm6 0.0 

Only stream types with an overlap of samples <25% were identified as an individual group. 

 

 

Discussion 

Lack of undisturbed sites 

Classifications should be based on or related to biological data collected in reference 

sites since human stress reduces the natural differences between communities (Verdonschot, 

2006a) but finding undisturbed/near-natural sites is a major difficulty. Most physical types of the 

Mondego River basin, but specially those including large-sized rivers were not represented by 

the present undisturbed sites. Significant human disturbance currently affects (i) the lower 

reaches of the Mondego River basin (Chaves et al., 2006), (ii) most streams in the 

Mediterranean area (e.g., Prat & Munné, 2000) and (iii) in Europe in general (e.g., Muhar et al., 

2000; Economou, 2002; Hering et al., 2003; Nijboer et al., 2004). Although it was not possible to 

find near-natural sites representative of all stream types of the Mondego River basin, the six 

studied physical types represent around 38% of river water bodies at national level (Alves et al., 

2004).  

 

Matching geographic classes and biota distribution  

When near-natural sites are found it is then possible to test if classifications actually 

match biological communities. Until recent years, there was a lack of studies showing matching 
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patterns between typologies and species distribution and even today strong biological 

classifications seem difficult to obtain (Hawkins et al., 2000a; Heino & Mykra, 2006). The 

underlying variables that determine the classes in a typology scheme differ strongly among 

approaches (Sandin & Verdonschot, 2006), thus being necessary to prove the ecological 

relevance of a given typology.  

The pre-defined physical stream types [by Alves et al. (2004)] here studied were 

effective to reflect biodiversity discrete types in what concerns the macroinvertebrate community 

as shown by the significant DA model and pairwise comparisons of group centroids. Although 

many taxa occurred across all stream types (more than 30, partially related to family-level 

resolution), 12 taxa were sufficient to significantly discriminate the six stream types. 

Furthermore, the studied physical types seem to have some ecological meaning. For instance, 

according to the Mahalanobis distances obtained in the DA model, SMm3 and SLm6 types 

present the strongest differences in macroinvertebrate community structure, which seems 

concordant with the physical information. Although both types included sites with small 

catchment areas, SMm3 had a higher level of mineralization than SLm6 and were in opposite 

ends of the morpho-climatic gradient (see Table 4.1).  

According to Hawkins et al. (2000a) and references therein, classifications of streams 

partitioned biotic variation best when they differed in topography or climate or both, such as this 

one. Those authors also stated that classification systems work even better when local factors 

(e.g., stream size, water depth, substrate composition) are used to classify sites. Chaves et al. 

(2005) showed that some of the large-scale variables included in the typology of Alves et al. 

(2004) might act as proxies, to some extent, for local-scale variables in the Mondego River 

basin, as suggested by the hierarchical theory of river formation (see Parsons et al., 2004 for a 

brief description). Water physicochemical factors such as conductivity and TDS are very 

dependent on the two hydrogeological regions found in this basin and altitude seems to reflect a 

sediment grain-size gradient (see figure 3 in Chaves et al., 2005). Characteristics such as 

altitude and conductivity (alkalinity) were primarily related to the among-site natural variability in 

macroinvertebrate community structure of the Mondego River basin (Chaves et al., 2005) and 

associated to the Trichoptera assemblage structure in this basin (Feio et al., 2005). Thus large-

scale variables considered in the present pre-defined types seem to include some of the local 

spatial variation in the Mondego River basin, which can be the reason for the significant 

difference between DA centroids of different stream types.  

WFD System-B stream types inevitably include ecoregion information and further 

incorporate more detailed spatial environmental information leading to more specific/restricted 

physical boundaries. That fact increases the probability of physical stream types to [1] include 

environmental local factors that act more directly upon the invertebrate communities than larger-
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scale factors (e.g., Boyero, 2003) and thus [2] better reflecting macroinvertebrate distribution 

patterns. 

 

Confounding statistical significance and biological relevance?  

Verdonschot (2006a) suggested that a stream typology should take climate 

(temperature), slope (current velocity) and stream size as a starting point. Concordantly, Hering 

et al. (2003) included stream size and hydrology in the most prominent abiotic factors to be 

considered in stream typologies. Current speed and stream-size factors (channel-width and 

order) were important variables in the definition of the macroinvertebrate community structure 

(Chaves et al., 2005) and Trichoptera assemblage distribution (Feio et al., 2005) in the 

Mondego River basin. Although climate and slope were integrated in the present physical 

typology, stream-size factors were not included due to lack of information at a national level 

(Alves et al., 2004). Furthermore, variables such as distance from source or order that might 

reflect stream size factors were also removed or not considered (Alves et al., 2004). This might 

explain the overlapping of pre-defined stream types given by the CA results, especially because 

the CA diagram primarily identified a separation between temporary and permanent sites. 

Stream-size variables are good predictors of invertebrate communities in geographically 

widespread areas (e.g., Hawkins et al., 2000b; see Chaves et al., 2005) and are known to 

influence stream permanence (Williams, 1987). But stream temporality simultaneously depends 

on numerous other environmental factors, from local (e.g., substrate type, infiltration) and 

catchment (e.g., discharge) to regional-scale variables (e.g., climate) and even biological factors 

(e.g., riparian wood) (Williams, 1987; Chaves et al., 2008). Although the loss of water in 

temporary streams is probably the most influential environmental parameter affecting aquatic 

biota (Boulton, 1989), this dependence on several factors and consequent heterogeneity of 

macroinvertebrate communities in temporary streams as noted by Sanchez-Montoya et al. 

(2007) limits its incorporation in stream typologies. Intermittent streams were included in at least 

5 different stream types of the Mondego River basin. 

Although being very different approaches with distinct assumptions, the IndVal 

approach confirmed the DA results to some extent since characteristic taxa selected by the 

IndVal method were roughly the same as those included in the DA significant model. However, 

stream types with more indicator taxa were those with fewer sites and replicates (sampling 

occasions), which might reflect the weakness of this approach. Furthermore, all stream types 

showed very few indicator taxa.  

Consequently, the studied typology seemed to have some ecological meaning but 

simultaneously raises some concerns since: (i) the low number of indicator taxa of each stream 

type, (ii) many taxa occurring in all stream types or (iii) only sporadically in a given site; (iv) no 

differences in taxon richness and total abundance among stream types and (v) no easily 
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identifiable groups of samples in the CA and a great overlap among pre-defined types might be 

indicative of a weak classification (see Heino et al., 2003 and Heino & Mykra, 2006). Apparently, 

it will be difficult to derive useful assessment systems from this typology that seems to have a 

low predictive character, which should be intrinsic to every landscape classification. In the 

present case, assessment systems should be based on more complex patterns of 

macroinvertebrate community structure than metrics such as presence/absence of specific taxa 

or taxon richness since these do not vary among stream types. Similarly, Verdonschot and 

Nijboer (2004) referred that differences between stream types are only partly explained by 

qualitative differences in species list but are also influenced by differences in abundances of 

composing species. Here, the abundances of some taxa varied among types. Perhaps 

differences in types of invertebrate communities relate to variations in the proportion of some 

specific taxa. On the other hand, all problems enumerated might be related to the use of a 

taxonomic resolution higher than the species level. The use of higher taxonomic resolution such 

as family-level increases the number of common taxa (see Chaves et al., 2008). The family 

resolution is a broad taxonomic level that might include several different species, which, in the 

present study, could in fact be characteristic of different stream types. However, very recently, 

Sánchez-Montoya et al. (2007) also tested a stream ecotype classification with the family-level 

macroinvertebrate composition, obtaining from 1 to around 30 significant indicator taxa in 

different ecotypes. While Hawkins et al. (2000a) stated that it appears to be no clear choice of 

classifications based on level of taxonomic resolution since sometimes genus/species-level data 

produce stronger classifications than family-level data, but the contrary is also true, Moog et al. 

(2004) concluded that a finer spatial resolution required a finer taxonomic resolution and 

Verdonschot (2006b) referred the family-level data as providing a less distinct separation of 

reference sites. Here, the family-level was sufficient to discriminate stream-types, but insufficient 

to establish a strong number of type-specific indicator taxa or to show taxon richness 

differences among stream types. 

One could think that by removing taxa with less than 0.05% of the total abundance the 

segregation of these stream types would be harder and the number of characteristic taxa will 

decrease since the majority of taxa that show high specificity to a given stream type could be 

eliminated. However, excluding rare taxa was not the reason for the lack of indicator taxa in 

these stream types since they also had very low frequency of occurrence, only appearing in one 

or two of the sampled sites. Thus, these taxa could not characterize any stream type. 

Nonetheless, it would not be a powerful approach to base an assessment system in rare taxa 

that could involve a great deal of effort and/or be easily missed during field campaigns (Hawkins 

et al., 2000a).  
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Spatial and temporal dilemmas of the physical classification 

The significant cross-validation procedure of the DA model showed a high percentage 

of correctly classified samples within stream types. Most sites were sampled during three 

different occasions to include the seasonal or/and inter-annual natural variation of the 

macroinvertebrate community previously documented in the Mondego River basin (Chaves et 

al., 2005; Feio et al., 2006) and here confirmed again. During the cross-validation procedure, 

samples belonging to the same site but collected in different occasions were placed in different 

stream types, indicating that the tested typology was not able to cope with the presence of 

temporal although natural variability. This natural variation might be interpreted as human-

induced variability when using this physical typology to develop assessment systems, incurring 

in a type I statistical error. Samples collected during the dry season (summer) failed less than 

both springs’ samples during the DA cross-validation procedure. This might be due to the lower 

diversity of habitats and consequent higher homogeneity of the biological community during 

summer within each stream type.  

The present study also indicates that there might be some problems with spatial 

allocation using the physical typology tested. For instance, in the CA ordination diagram, a site 

included in the MLm2 was placed far-away from all the remaining samples of that stream type. 

This site should probably have been included within a different stream type with higher 

mineralization values since it has shrimps and gammarids. Furthermore, in the cross-validation 

procedure of the significant DA model, one sample of this site was placed in type SMm3, the 

only stream type with medium mineralization values considered in the present study. Also due 

to this incongruence, gammarids characterized the MLm2 type in the DA model. Some studies 

have suggested the modification or refinement of landscape class boundaries with biological 

data (Dodkins et al., 2005). However, stream types belonging to morphoclimatic group 2 with 

medium catchment area but higher mineralization levels (see table 4.1) do not exist in the 

Mondego River basin or in Portugal according to Alves et al. (2004). Thus, an adjustment 

seems to be very difficult. 

 

 

Conclusions 

The accuracy of assessment systems will depend on how well expected conditions at a 

test site can be described based on the knowledge of conditions at a set of reference sites 

having very similar characteristics (e.g., Hawkins et al., 2000a; Wallin et al., 2003). An accurate 

top-down stream classification leads to environmentally discrete groups of sites that should be 

strongly related to biota composition and patterns. The lack of reference or roughly undisturbed 

sites in the Mondego River basin to cover all river and stream types defined by Alves et al. 
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(2004) was a limiting factor. The physical typology here tested was apparently good in 

partitioning the natural variability in the sense that it identified stream types showing a biotic 

discontinuity (significant DA model). This might be related to the inclusion in the typology 

scheme of several large and local-scale factors determinants of the undisturbed 

macroinvertebrate communities’ structure in this basin (Chaves et al., 2005). However, when 

following the suggestion of Hearing et al. (2003) that a top-down typology should always be 

verified by a directed biological analysis (in the present case a CA), the biotic partitioning was 

no longer clear. Furthermore, when analysing some specific macroinvertebrate metrics 

(indicator taxa, taxon richness and total abundance), the power of the top-down approach 

seems to decrease since no strong differences were found between physical types. Is one 

incurring in a risk, to some extent, of mixing statistical significance pointed by the DA model and 

real biological meaning (see Heino et al., 2003 and Van Sickle & Hughes, 2000)? Probably yes. 

Intra and inter-annual natural variations and mainly natural disturbances such as droughts 

(stream temporality) obstructed the accurate partition of spatial macroinvertebrate variability in 

the Mondego River basin. It is possible that if species rather than family-level resolution had 

been used more indicator taxa and differences in taxon richness among stream types would 

have been found. Nonetheless, issues concerning natural droughts and seasonal variations 

would remain without solution. Environmental variables used to build the typology scheme here 

tested were apparently inadequate to reflect temporal information. This natural variability should 

be ideally incorporated prior to the examination of anthropogenic effects on rivers and streams.  
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Macroinvertebrate communities  

of non-glacial high altitude intermittent streams  

 

 

 
Abstract: Macroinvertebrate assemblages of five non-glacial intermittent high altitude headwater streams 
(above 1400 m - Serra da Estrela, Portugal), with dry periods of different lengths (0 to 3 months), were 
investigated in nearly undisturbed conditions to (i) examine spatial differences and identify environmental 
variables responsible for the observed invertebrate patterns, (ii) assess the association of dry period length 
with invertebrate community structure and (iii) determine the influence of using different taxonomic 
identification levels (order, family and genus) to assess invertebrate community patterns. More than 100 
macroinvertebrate genera were identified. Insects clearly dominated these communities with more than 
95% of total captures and around 95% of the total richness. Diptera were the most rich and abundant 
group with chironomid occurrences comprising over 70% of macroinvertebrate captures. The highest taxon 
richness, diversity, EPT (Ephemeroptera + Plecoptera + Trichoptera) and OCH (Odonata + Coleoptera + 
Heteroptera) genus richness, the greatest number of exclusive and characteristic taxa identified by the 
Indicator Value (IndVal), and a distinct community structure shown by Canonical Correspondence 
Analyses (CCA), were found in the only stream that was never totally dry, with pools lasting over summer. 
Environmental gradients that spatially structured the macroinvertebrate communities were always related 
to flow variations. Over time, the highest abundances found in these systems were also related to flow 
variations and maximum genus richness occurred in the connected pools or in isolated pools. Streams with 
longer dry periods presented a distinct recolonization phase, with higher abundance of the stonefly larvae 
Nemoura sp. and the presence of the chironomid larvae Krenosmittia sp., possibly arriving from the 
hyporheos. Taxonomic level of invertebrate identification was vital for recognizing the characteristic taxa 
(IndVal) of streams yet was not critical for identifying streams with the highest macroinvertebrate 
richness/diversity or structuring environmental gradients. Overall, this study emphasises the variability of 
macroinvertebrate communities in high altitude intermittent streams, despite spatial proximity. This 
variability was probably related to flow intermittency and hydrologic permanence, different vegetation cover 
and riverbed substrate. Consequently, the establishment of reference conditions should involve long-term 
data collections and more detailed physical characterization. Also, these findings have significant 
implications for accurately predicting the ecological consequences of future climate change in high altitude 
scenarios. 
 
Key words: headwater streams, undisturbed systems, dry period, natural variability, taxonomic levels. 
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Introduction 

Europe has warmed more than the global average during the 20th century and the 

greatest warming has been recorded in northwest Russia and the Iberian Peninsula (European 

Environment Agency, 2004). Mountainous regions are particularly vulnerable to adverse effects 

of climate change (Allan & Flecker, 1993) and are already suffering from higher than average 

increases in temperature (European Environment Agency, 2006). High mountains on the Iberian 

Peninsula will probably be among the first areas in Europe showing significant alterations in 

riverine fauna produced by climate change and the assessment of future change requires a 

good knowledge of the pristine condition or at least of the current situation. 

Simultaneously, over the last five years growing interest in pristine aquatic systems has 

been raised by the Water Framework Directive requirements (WFD- European Commission, 

2000). However, this recent European Directive, which among other purposes aims to protect 

inland surface water, considers only streams with a catchment area larger than 10 km2 (WFD-

System A descriptors). Consequently, many small high altitude lotic systems will not be included 

in future monitoring and protection actions. It is clear that no protection law can succeed without 

guaranteeing the functionality of these headwater streams since the health and productivity of 

streams, rivers, lakes and estuaries depend upon the essential ecosystem services provided by 

these intact systems. These services include mitigating floods, maintaining water quality and 

quantity, recharging groundwater, trapping sediments, recycling nutrients, providing habitat for 

biota and supplying food resources to downstream ecosystems (Meyer et al., 2003). The 

estimation of the extent of these small streams and therefore their real proportion and 

importance in the stream network is hindered by the fact that they are often unnamed and rarely 

appear on maps (see Meyer et al., 2003 and Fritz et al., 2006).  

Regardless of climatic region and altitude, one of the most distinctive and ecologically 

influential characteristics of many headwater streams is natural drying (Fritz et al., 2006). Within 

alpine areas, streams and rivers show different hydrological characteristics, depending on the 

prevailing water sources and regional climate (Füreder et al., 2001). Under Mediterranean-type 

climate conditions, most streams are characterized by sequential floods and droughts that are 

seasonally predictable but show variable intensity (e.g., Gasith & Resh, 1999) and can be 

typified as seasonal droughts (Lake, 2003). Temporary streams (e.g., intermittent, ephemeral) 

have recurrent dry phases (Uys & O’Keefe, 1997; Fritz et al., 2006; Williams, 2006). However, 

complex hydraulic characteristics and mean velocity are among the features that best explain 

the distribution of macroinvertebrates (e.g., Statzner et al., 1988; Chaves et al., 2005) and 

therefore the drying of an aquatic habitat represents a significant natural disturbance for 

organisms living there (Delucchi et al., 1988). Although seasonal droughts are press 

disturbances (see Lake, 2003) the ecological response might occur as irregular steps (Boulton, 

2003; Acuña et al., 2005) or following a ramp model (Lake, 2000; 2003; Bonada et al., 2006). In 
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some situations, the compositions of the benthic invertebrate communities before vs. after the 

dry period (e.g., Ladle & Bass, 1981) and during flow vs. pool conditions (Rabeni et al., 2002) 

are similar, but most frequently benthic communities are different, especially under 

Mediterranean-type climate conditions (e.g., Rieradevall et al., 1999; Bonada et al., 2006).  

Remote mountain lakes and streams are already affected by numerous human activities 

at local (water abstraction and tourism) and regional scales (climate change and acidic rains) 

(e.g., Camarero et al., 1995; McGregor et al., 1995), although much less impacted than lowland 

running waters (Brittain et al., 1998; Ward, 2002). Species occurring in intermittent headwater 

streams can be very sensitive to natural and anthropogenic alterations (i) that increase aridity, 

such as climate change and water abstraction, since these changes might alter the way in which 

communities respond to drought (Bonada et al., 2006), but also to those (ii) that modify the 

surrounding land (vegetation clear-cutting and urbanization), due to the close terrestrial-aquatic 

connection present in very small streams (Lowe & Likens, 2005). High altitude aquatic systems 

are not only vulnerable to environmental alterations due to their sensitivity, but also excellent 

indicators of such changes (McGregor et al., 1995; Rieradevall et al., 1998). To be used as 

indicators, reference conditions should be established for high altitude intermittent streams. 

However, information on taxonomy and ecology of aquatic invertebrates of these systems, 

particularly non-kryal streams, is still scarce (Maiolini et al., 2006). This is especially true for the 

westernmost high mountains of continental Europe, the Serra da Estrela (Portugal). In Portugal, 

studies on invertebrate communities of high altitude freshwater systems have been largely 

ignored and, to our knowledge, besides some occasional entomological visits focussed on a 

specific taxon (e.g., Cobo et al., 2001) and the study of some lagoons (Rieradevall et al., 1998; 

Rieradevall & Prat, 1999), no further work has been carried out. This high altitude region can be 

taxonomically rich in some macroinvertebrate groups. Thus, a second problem in the 

establishment of reference conditions could be how to select the appropriate taxonomic 

resolution since genus/species identification may actually reduce the ability to detect a deviation 

from the reference condition (Bailey et al., 2001). 

The main objective of this study was to characterize benthic macroinvertebrate 

communities of intermittent high altitude streams (above 1400 m a.s.l.) in nearly undisturbed 

conditions in Serra da Estrela (Portugal), by (i) determining if there are differences among the 

invertebrate community structure of five proximal streams and identifying environmental 

variables responsible for the observed patterns of invertebrate distribution, (ii) investigating if 

similar temporal flow regimes (length of the dry period) display similar community structures and 

(iii) verifying if information obtained with the invertebrate community was strongly changed by 

the use of three different taxonomic identification levels (order, family and genus). 
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Methods 

Study area 

Benthic invertebrates and associated environmental data were collected in five different 

headwater streams located within the Mondego River basin (Figure 5a.1), in Serra da Estrela 

Natural Park (PNSE). The central massif of Serra da Estrela, where this study focuses, is 

characterized by granitic geology, with a maximum elevation of 1993 m above sea level (a.s.l.).  

PNSE represents a well preserved area of Serra da Estrela, with 0.2 % of its area 

covered by aquatic systems, 1.5% by artificial areas (urban, industrial, roads) and 2% and 23% 

of the park is used for intensive and extensive cropping, respectively. More than 70% of the 

PNSE region includes natural and semi-natural areas.  

Climate data available for Serra da Estrela, measured at approximately 1380 m a.s.l., 

indicates a quite predictable Mediterranean-type climate, with warm, dry summers and cold, wet 

winters (Vieira et al., 2003). In general, the wet season extends from October to May (Daveau et 

al., 1977). The mean annual rainfall and temperature are 1692.2 mm and 8.9 ºC, respectively 

(Lima & Lima, 2002). On average, the coldest month is January (2.8 ºC), while the warmest is 

July (17.1 ºC) and the wettest and the driest months are December (253.8 mm) and August 

(0.1 mm), respectively (Lima & Lima, 2002). Snowfall data show a median of 40 to 50 days per 

year at 1400-1600 m a.s.l. (Andrade et al., 1992), but snow presence is almost constant from 

November until April.  

Several small watercourses are covered by ice through the winter, while during summer 

many streams are intermittent due to low precipitation. The high plateaus of Serra da Estrela 

were covered by an ice-cap with around 70 km2 during the last glaciation (Daveau, 1971). 

The five headstreams chosen for this study were located at altitudes above 1400 m a.s.l. 

and between 40º25.700 and 40º21.445N and 7º37.847 and 7º35.172W (Table 5a.1). Distance 

between sites ranged from 16 km to 0.5 km. Therefore, all sites presented very similar climatic 

and geological conditions, conforming to and fit in a single stream type (>800 m a.s.l., siliceous 

geology, with a catchment area less than 10 km2).  

These streams can have two seasonal discharge peaks: one due to winter precipitation 

and the other to melting ice and snow during spring. 

 



C
hapter 5 

Figure 5a.1 - Location of sampling sites within the Mondego River basin is indicated in the small black square. Detailed geographic position of each stream in the areas 

A, B and C is also shown. 
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Table 5a.1. Environmental characteristics of each sampling site in the five studied streams in Serra da Estrela. Mean 

and ranges of values (in brackets) are given for variables that changed among sampling occasions. * indicates 

environmental variables measured only once. Streams 1 and 2 were sampled on five occasions, stream 3 on six and 

streams 4 and 5 on three 

   Streams   
Variables 1 2 3 4 5 

Latitude (North) 40º21.840 40º21.775 40º21.445 40º25.700 40º24.244 

Longitude (West) 7º37.847 7º37.713 7º37.630 7º35.653 7º35.172 

Distance from source (km) 0.38 0.40 2.00 0.73 0.50 

Altitude (m a.s.l.) 1673 1664 1629 1400 1470 

Drainage basin (km2) 0.08 0.15 2.16 0.20 0.13 

Mean channel width (cm) 43.0 

(30-55) 

42.4 

(20-57) 

148.0 

(90-350) 

25.0 

(10-40) 

33.3 

(25-50) 

Maximum depth (cm) 19.8 

(4-30) 

30.2 

(6-50) 

49.3 

(30-100) 

13.3 

(10-20) 

12.7 

(1-20) 

Discharge (l s-1) 3.57 

(0.02-10.98) 

1.76 

(0.02-7.79) 

131.90 

(3.40-724.75) 

3.85 

(0.10-6.12) 

1.28 

(0.03-3.30) 

Water temperature (ºC) 13.9 

(2.1-26.4) 

10.4 

(4.0-19.4) 

12.9 

(2.6-18.5) 

8.0 

(6.2-9.8) 

7.3 

(6.1-8.3) 

pH 5.95 

(5.47-6.45) 

5.68 

(5.08-6.26) 

5.71 

(5.21-6.00) 

5.58 

(5.17-6.00) 

5.48 

(5.45-5.50) 

Dissolved oxygen (mg l-1) 8.45 

(7.37-9.37) 

8.87 

(8.55-9.43) 

8.23 

(6.05-9.86) 

7.67 

(6.44-8.62) 

7.67 

(7.07-8.71) 

Conductivity (µS cm-1 at 25 

ºC) 
22 

(8-46) 

14 

(7-24) 

17 

(9-25) 

18 

(11-24) 

16 

(9-22) 

Total phosphorus (mg l-1) < 0.06 < 0.06 < 0.06-0.55 < 0.06 < 0.06 

Nitrates (mg l-1) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Nitrites (mg l-1) < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 

Ammonium (mg l-1) < 0.08 < 0.08 < 0.08 < 0.08 < 0.08 

Stressor source (reduced) Natural Fire Natural Livestock Camp site 

Dominant substrate class Bedrock Bedrock Bedrock Gravel Gravel 

Sediment free fraction 
ordered by dominance* 

Sand, gravel, 

cobble, silt 

Gravel, sand, 

silt 

Gravel, sand, 

silt 

Gravel, sand, 

cobble, boulder, 

silt 

Gravel, 

sand, 

boulder, silt 

Total organic content (%)* 7.5 0.9 1.5 0.9 4.3 
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All studied streams were intermittent seasonal (Uys & O’Keefe, 1997) and sites were 

classified according to temporal flow regime as (i) never dry although forming pools (Stream 3), 

(ii) dry for less than 3 months (Streams 1 and 2) and (iii) dry for at least three months (Streams 4 

and 5) (Figure 5a.2). Streams 1, 2 and 3 feed the Lagoa Comprida reservoir and were already 

covered by ice during late autumn, while stream 5 drains into Vale do Rossim reservoir 

(Figure 5a.1). The shrub Erica sp. dominated the riparian areas of streams 1, 2 and 3 and no 

trees were present; stream 4 had no tree or shrub riparian vegetation, while deciduous trees 

prevailed at stream 5 consisting mainly of Acer sp. Stream 4 catchment area had the occasional 

presence of livestock during spring and summer, stream 1 was partially affected by fire during 

summer 2003 (before the first sampling campaign), whereas stream 5’s catchment area is 

located near a camp site opened only during summer. In general, all sites were roughly 

undisturbed systems since they are inside a protected area, free of point-source pollution, with 

nonexistent or minimal agricultural run-off in their catchments and away from other human 

activities. 

 

 

 

Figure 5a.2 - Flow conditions in each stream during sampling occasions; line thickness is indicative of relative 

discharge: thicker line corresponds to 724.75 l s-1, and thinner line corresponds to 0.02 l s-1. Daily precipitation values 

during the study period and during previous years in Serra da Estrela are indicated on top graphics (source: 

www.meteo.pt). Sampling occasion dates are indicated by arrows.  
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Sampling 

The five stream sites were sampled on six occasions (Figure 5a.2), at approximately 

four to six-weekly intervals, from late April 2004 to early November of the same year. The 

sampling period was constrained by inaccessibility during the snow and ice season. Four of the 

five sampling sites were completely dry for at least one sampling occasion (Figure 5a.2). Sites 

were sampled only when water was present. 

 

Macroinvertebrates 

Macroinvertebrates were always collected by the same operator using a 30x30 cm kick-

net with a 250 µm mesh size. Care was taken to include all possible habitats over 

representative sections of the stream (10 m samples), similar to the multi-habitat sampling 

procedure used in the USA (Barbour et al., 1999). Effort was allocated in proportion to the 

occurrence of each habitat. Composite samples were preserved in situ in 96% ethanol, rinsed 

using a 250 µm mesh sized sieve, sorted under magnification and preserved in 70% ethanol.  

The sorting process of a biological sample involved removing large, common and rare 

organisms following three sequential steps: first, all specimens larger than 1000 µm were sorted 

out; second, at least 250 specimens (< 1000 µm) were removed according to an area based 

method to allow an extrapolation of macroinvertebrate total abundance; finally, all the sample 

was screened for non-abundant specimens, i.e. taxa which had not been sorted into the  

250 specimens-group, in order to guarantee that all different taxa were detected.  

Macroinvertebrates were identified mostly to the genus level (whenever possible) but 

also to higher and lower taxonomic levels (classes or species) using Tachet et al.’s (2000), 

Vieira-Lanero’s (2000), Wiederholm’s (1983, 1986) and Schmid’s (1993) identification keys 

among other specialised literature available for species level. Microscope slide preparation of 

Chironomidae larvae involved a sequential procedure of clearing individuals with a 10% KOH 

solution for 15 to 25 minutes (depending on individual size) at 85 ºC. This procedure was 

followed by neutralization at room temperature, initiation of dehydration with 70% ethanol, then 

mounting from 90% ethanol into Euparal.  

 

Abiotic variables 

On each sampling occasion, physical and chemical variables were measured at each 

site prior to invertebrate fauna sampling. Water temperature (ºC), dissolved oxygen (mg l-1), 

conductivity (μS cm-1), total dissolved solids (TDS mg l-1), pH and salinity were measured in situ 

with a Data Sonde Surveyor 4 portable probe (Yellow Springs, Ohio, USA).  
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Water samples were collected below the water surface in the central region of water 

courses, frozen, and analyzed with certified methods (ISO/IEC 17025) to determine 

concentrations of nitrates (NO3
- mg l-1), nitrites (NO2

2- mg l-1), total phosphorus (P mg l-1) and 

ammonia (NH4+ mg l-1). Discharge (l s-1) was determined in the narrowest section of the stretch 

by dividing the total channel width into, at least, seven equal sections and measuring the 

channel depth and current velocity (using a Hydro-Bios instrument - RHCM, Kiel-Holtenau, 

Germany) in each section; discharge was calculated by integrating medium depth (m), total 

width (m) and current velocity (m s-1).  

Substrate samples were taken in the same reach on a single sampling occasion 

(November), to estimate sediment grain size and total organic content (TOC). After ignition at 

550 ºC, six sediment grain size classes were estimated by sieving the substrate sample through 

an AFNOR type sieve battery (CISA, Barcelona, Spain- 9.25 mm, 2.00 mm, 0.50 mm, 0.25 mm 

and 0.063 mm) and weighing each fraction. TOC was obtained by deducting the ash weight, 

measured after ignition at 550 °C for 6 hours, from the dry weight, measured after drying at 

60 °C for 24 hours.  

Dominant substrate class was visually estimated on every sampling occasion using five 

different groups: (i) silt and clay; (ii) sand; (iii) pebbles and gravel; (iv) cobble, boulders and 

stones and (v) bedrock. Altitude (m), latitude and longitude (degreesº minutes’ seconds’’) were 

registered with a GPS system at each site. Drainage basin area and distance from source were 

calculated from digitized 1:50 000 scale maps. Data of daily rainfall over the studied period and 

previous years were available from Seia climate station (Figure 5a.2). 

 

Data analysis 

A Principal Components Analysis (PCA) was performed to highlight similarities and 

differences of abiotic conditions between streams and within streams during a range of 

sampling occasions, using the software CANOCO for Windows ver. 4.5 (ter Braak & Šmilauer 

2002). Highly correlated (Pearson, P<0.01) environmental variables were removed from the 

PCA. 

Macroinvertebrate abundance (N), taxon richness (S) and Shannon-Wiener’s diversity 

index (H, natural log) were calculated as descriptive measures of the benthic community for 

each site and sampling occasion (Legendre & Legendre 1976). The relationship between the 

indices EPT (Ephemeroptera, Plecoptera and Trichoptera richness- taxa more related to the 

riffle areas) and OCH (Odonata, Coleoptera and Heteroptera richness- taxa representative of 

lentic habitats) reflects the temporariness of a stream as demonstrated by Bonada et al. (2006) 

among others. Thus EPT relative to EPT + OCH [EPT /(EPT+OCH)] and Diptera + Oligochaeta 

abundances (taxa normally associated with extreme environments) relative to total captures 
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[Diptera + Oligochaeta)/ Total] were analyzed among streams and sampling occasions to 

investigate changes in the invertebrate community between streams and within streams through 

time. A Generalized Least Squares (GLS) model, using the gls function in the nlme package in 

software R (R Development Core Team, 2006), was used to test if mean taxon richness, 

diversity, abundance and OCH, EPT and Diptera genus richness were equal among streams 

and among flowing conditions and pools (isolated and connected). Small sample size precluded 

the estimation of interaction effects. Since streams were repeatedly sampled over time, 

temporal autocorrelation was permitted in model residuals. Specifically, an AR(1) correlation 

structure was specified in the GLS models. To test for the significance of each model factor, a 

GLS based ANOVA (Analysis of Variance) table was used. 

Ordination models were performed with the software CANOCO for Windows ver. 4.5 

(ter Braak & Šmilauer, 2002) to analyze spatial variations in taxon abundance and to identify 

relations between environmental (25 variables) and biological data. The ordination model used 

in each analysis was selected based on the length of the gradient as calculated by a Detrended 

Correspondence Analysis (Jongman et al., 1995). Canonical Correspondence Analysis (CCA) 

was used since the gradient length of the first axis was always between 3 and 4 units of mean 

standard deviation of species turnover, estimated by a Detrended Correspondence Analysis 

(Jongman et al., 1995). Three CCA were performed to investigate which environmental 

variables were correlated with spatial macroinvertebrate community patterns, considering three 

levels of taxonomic identification (13 major groups, mostly orders; 48 families; and 129 genera). 

Biological abundance data were log (x+1)-transformed prior to all ordination analyses and no 

taxa removal was performed. Seasonal environmental parameters and macroinvertebrate 

abundance matrices were reduced to average values per stream. Since the number of 

environmental variables retained in each analysis should be considerably less than the number 

of samples included, a forward manual selection of standardized (mean 0 and variance 1) 

environmental variables was performed, using a Monte Carlo permutation test (9999 

unrestricted permutations; P<0.05) (ter Braak & Verdonschot, 1995). The significance of the first 

axis and trace (sum of all canonical eigenvalues) were tested for each CCA with a Monte Carlo 

permutation test (9999 unrestricted permutations, P<0.05) (ter Braak & Šmilauer, 2002). 

Preliminary Correspondence Analyses (CA) were performed to check for spatial patterns 

without being constrained by environmental variables.  

The Indicator Value (IndVal, Dufrêne & Legendre, 1997) method was used to determine 

the most representative macroinvertebrate taxa in each of the naturally occurring groups 

(streams 1, 2, 3, 4, and 5, with sampling occasions as replicates). The IndVal method 

determines indicator taxa by combining the relative taxon abundance with its relative frequency 

of occurrence in the various groups of sites. The IndVal for each taxon ranges from 0% to a 

maximum value of 100%, which is attained when all specimens of a taxon are found in a single 
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group of samples and when the taxon occurs in all samples of that group. Thus, an IndVal of 

100% reflects the most characteristic taxa of each group. Taxa with an IndVal higher than 25% 

contribute to the habitat specificity and only these were considered as characteristic taxa (see 

Dufrêne & Legendre, 1997). Other taxa were considered as accidental. In order to investigate if 

a taxon was characteristic of a stream the significance (P<0.05) of each taxon IndVal was 

tested by a site randomisation procedure that reallocates samples among sample groups (9999 

permutations) (Dufrêne & Legendre, 1997). Thus, an IndVal and a p-value were associated to 

each taxon. The IndVal2 package (Dufrêne & Legendre, 1997) was used for the computations. 

 

 

Results 

Environmental characterization 

Annual rainfall data in the region showed high variability among different years (Figure 

5a.2). However, summer months are always the driest with the rainy season beginning in late 

summer or during autumn (Figure 5a.2). Discharge was highly variable during the sampling 

period in all streams, but stream 3 showed the highest variation (Table 5a.1, Figure 5a.3) and 

was the only stream with water for the entire year (Figure 5a.2). The greatest abiotic similarities 

were found between streams 1 and 2 while streams 3, 4 and 5 differed from each other. 

Although the resemblance among streams 4 and 5 seemed strong, this was mainly due to 

altitude and flow conditions (Figure 5a.3, Table 5a.1).  

Abiotic differences through the year within the same site were very small except for the 

April sampling campaign in stream 3 (Figure 5a.3). Low flows or isolated pools during summer 

were generally associated with warmer water, lower dissolved oxygen, increased concentrations 

of ions (higher conductivity) and slightly higher pH, although always below neutrality. Streams 4 

and 5 presented the smallest amplitude of values for the majority of abiotic variables, since they 

were dry during summer months (Table 5a.1).  

All five streams had non-detectable water concentrations of nitrates, nitrites, ammonia 

and total phosphorus, except for higher phosphorus concentrations in stream 3 during 

September sampling occasion (Table 5a.1). Streams 1, 2 and 3 had granite bedrock as 

dominant substrate, partially covered by fine sediments, mostly gravel in streams 2 and 3 and 

sand in stream 1 (Table 5a.1). Gravel was the dominant substrate in streams 4 and 5, but in 

stream 5 vegetal debris covered the riverbed. Stream 3 had the highest habitat heterogeneity 

with some soft bottom pools, besides the granite bedrock pools, and was the only one 

containing macrophytes. Mosses were present in all streams, although rare in stream 4. 
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However, the Oligochaeta class (Annelida) was the fifth most abundant group. Diptera 

were the most rich (Table 5a.3) and abundant group due to predominant chironomid genera 

occurrences through the entire year (Table 5a.2, Figure 5a.4) 

Macroinvertebrate cumulative taxon richness indicated that 13 major groups (class and 

order), 45 families and more than 100 genera were identified in the 22 samples collected in the 

five studied streams (Appendix 5a.1). Insects clearly dominated these high altitude benthic 

communities with more than 95% of total captures and around 95% of total richness (Tables 

5a.2 and 5a.3).  
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Figure 5a.3 - Diagram of Principal Component Analysis of environmental variables. Horizontally- first axis, 

vertically- second axis. Sampling sites are represented by circles (small arrow next to a site- for stream 3 in 

April- indicates that the true y value is outside the plot) and environmental variables by solid arrows. The 

length of the arrow is a measure of the importance of the variable and the arrowhead points in the direction of 

increasing influence. Maximum depth and salinity were highly correlated with channel width (R = 0.84; 

P<0.01) and conductivity (R = 0.75; P<0.01), respectively, and are not plotted.  
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Table 5a.2. Mean abundance with standard deviation and relative percentage of the main groups found in 22 samples 

collected from five high altitude streams in Serra da Estrela. Chironomidae relative abundance is given in brackets. 

EPT- Ephemeroptera, Plecoptera, Trichoptera; OCH- Odonata, Coleoptera, Heteroptera; Annelida- Oligochaeta and 

Hirudinea, Others- Lepidoptera, Hydracarina, Tricladida 

Invertebrate 
groups 

Mean 
abundance 

Standard  
deviation 

Relative 
abundance (%) 

EPT 183.04 154.60 17.28 

OCH 62.04 150.19 5.86 

Diptera 770.32 819.08 72.74 (70.23) 

Annelida 41.91 60.78 3.96 

Mollusca 1.50 3.16 0.14 

Others 0.23 0.61 0.02 

 

 

 

Table 5a.3. Insect taxon richness found in 22 samples from five high altitude streams in Serra da Estrela for each 

insect order 
Insect 
taxon Diptera Plecoptera Coleoptera Ephemeroptera Trichoptera Heteroptera Odonata Total 

Family 12 4 9 3 6 4 3 41 

Genus 48 5 25 5 11 6 4 104 
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Figure 5a.4 - Spatio-temporal distribution of 22 taxa recorded in five high altitude streams of Serra da Estrela, on six sampling occasions. The size of the circles is proportional to taxon 

abundance (log x- transformed). Major macroinvertebrate groups that accounted for at least 0.1% of total captures in Serra da Estrela, most representative genera of each invertebrate 

group, and genera that accounted for more than 100 specimens in a single sampling occasion are illustrated. The bottom-right square indicates streams and sampling campaigns. 
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The driest sampling occasion (July) was an exception since the invertebrate community, 

reduced to stream 3, was dominated by a mayfly, Habrophlebia sp. (Figure 5a.4). Although the 

number of genera included in each insect order ranged from 4 to 48 (Table 5a.3), only one or 

two genera were responsible for most of the total abundance of an insect order (Figure 5a.4). 

 

Macroinvertebrate spatial distribution 

Significant differences were found for taxon richness (GLS based ANOVA: order: 

F = 67.96; family: F = 114.36 and genus: F = 12.32; df = 4, 15; P<0.05) and diversity (GLS 

based ANOVA: order: F = 3.64; family: F = 3.01 and genus: F = 9.70; df = 4, 15; P<0.05) among 

the five streams. Macroinvertebrate taxon richness and diversity had the highest average values 

in stream 3 (Figure 5a.5a and 5a.5b).  

No statistical differences were found for invertebrate abundances among streams (GLS 

based ANOVA: F = 0.29; df = 4, 15; P = 0.88) and abundance was highly variable within each 

stream, particularly in streams 1, 2 and 3 (Figure 5a.5c).  

Significant differences were found for OCH and EPT genus richness among streams 

(GLS based ANOVA: FOCH = 5.05 and FEPT = 6.01; df = 4, 15; P<0.05), but not for Diptera genus 

richness (GLS based ANOVA: FDipt = 1.78; df = 4, 15; P = 0.78). Molluscs, leeches and OCH 

genus richness, especially coleopterans, were much higher in stream 3 (Figure 5a.5d).  

Cumulative taxon richness was greater than to 10 orders, 30 families and 80 genera in 

stream 3, whereas in the other streams these values were respectively fewer than 10, around 

20 and fewer than 50 (Table 5a.4).  

 

 

Table 5a.4. Cumulative number of taxa per stream in Serra da Estrela 

Stream Taxonomic 
level 

1 2 3 4 5 

Order  7  8 11  8  6 

Family 19 19 32 22 16 

Genus 50 45 82 43 35 
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Figure 5a.5 - Average taxon richness (plot a) and Shannon-Wiener diversity (plot b) 

for genus, family and order in each stream and respective standard errors. Average 

abundance for each stream and respective standard errors are shown in plot c. 

Numbers of genera for EPT, OCH and Diptera are given in plot d. Others include 

Hirudinea, Oligochaeta, Lepidoptera, Tricladida, Hydracarina and Mollusca. 
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CCA results show that stream 3 was clearly separated from the other streams along the 

first canonical axis in all CCA taxonomic models (Figure 5a.6). In these constrained ordinations 

all first canonical axes were statistically significant (F- ratio order= 6.198, F-ratio family= 2.565,  

F-ratio genus= 1.652; P< 0.05). About 83.1%, 70.9% and 63.2% of the total variance in taxon 

abundance was accounted by the first two ordination axes in the order, family and genus CCA, 

respectively. All CCA models retained a single significant environmental variable: (i) discharge 

for order level data and (ii) channel width for family and genus data. Therefore, abiotic gradients 

established along first ordination axes were always related to flow variations (Figure 5a.6). 

 

 

Figure 5a.6 - Diagrams of Canonical 

Correspondence Analysis (CCA) of taxa 

invertebrate abundance divided into a) 

major groups biological data (mostly orders) 

of 22 samples with one significant 

environmental variable (P<0.01); b) family 

biological data of 22 samples with one 

significant environmental variable (P<0.05) 

and c) genus biological data of 22 samples 

with one significant environmental variable 

(P<0.05). Genus CCA was performed with 

the total matrix of genera but genera with 

less than 15% of weight range were 

removed from the plot. See Tables 5a.6, 

5a.7 and 5a.8 for order, family and genus 

abbreviations. Other abbreviations are: 

Bae- Baetidae n.i., Lim- Limoniidae, Lym- 

Lymnophyes sp., Ort- Orthocladius spp., 

Par- Paraphaenocladius sp., Parm- 

Paramerina sp., Rhe- Rheocricotopus sp. 

and Sim- Simulium sp. Taxa in black are 

related to stream 3, when in bold are 

significantly characteristic of stream 3 

according to IndVal results. Sampling sites 

are represented by circles and significant 

environmental variables by solid arrows. 

The length of the arrow is a measure of the 

importance of the variable and the 

arrowhead points at the direction of 

increasing influence. Correlations values of 

environmental variables with first two axes 

and the first two eigenvalues of each 

ordination analysis are also given.  
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Of the total taxa occurring in these high altitude streams (most to genus level), 27.9% 

were exclusive to stream 3 accounting for 3.7% of total abundance (Table 5a.5). Only five 

genera of these 36 exclusive taxa were captured in more than half (>3) of sampling occasions in 

stream 3.  

 

 

Table 5a.5. Number of taxa (mostly genera) exclusive to each stream and common to all streams. The relative 

abundance of exclusive taxa in each stream is indicated in brackets in the last column. Others include Lepidoptera, 

Hydracarina, Tricladida, Hirudinea and Oligochaeta  

Taxa Dip Plec Col Eph Tric Het Odon Mol Others Total 

Exclusive to           

Stream 1 8  2 1      11 (0.17%) 

Stream 2 5  1  1    1 8 (0.13%) 

Stream 3 7 1 11 3 2 4 4 2 2 36 (3.70%) 

Stream 4 5  2 1 2 1   1 12 (0.35%) 

Stream 5 4 1 1  1     7 (0.83%) 

Common to all 
streams 8 1 3 2 1    1 16 (57.7%) 

 

 

Five major groups, seven families and nine genera had an IndVal significantly higher 

than 25% (P<0.05) and were therefore considered as taxa characteristic of stream 3 (Tables 

5a.6, 5a.7 and 5a.8). In this stream, the leeches Erpobdellidae (Dina sp.) and the mayflies 

Leptophlebiidae showed an IndVal of 100% (Tables 5a.6, 5a.7 and 5a.8), indicating that these 

taxa were exclusive to this stream and occurred on all sampling occasions, being the most 

characteristic taxa of stream 3 invertebrate community. Though with an IndVal much lower than 

100%, the mayfly genus Habrophlebia sp. alone, was still considered significantly characteristic 

of the same stream (Table 5a.8, Figure 5a.4). Heteropterans occurred in three streams but in 

two their presence was highly accidental, with just one specimen in stream 1 and two 

specimens in stream 4 (Figure 5a.4). Consequently, the highly significant IndVal on table 5a.6 

identified the order Heteroptera as a taxon characteristic of stream 3. Within heteropterans, the 

Corixidae family and the Hesperocorixa sp. genus were also characteristic of the same stream 

(Tables 5a.7 and 5a.8, Figure 5a.4). The Mollusca class, the Sphaeriidae family and the 

Sphaerium sp. genus had significant IndVal values above 80% for stream 3 as well as the 

Oulimnius sp. genus and the corresponding Elmidae family (Tables 5a.6, 5a.7 and 5a.8). 

Odonata, in general (Table 5a.6, Figure 5a.4), and the damselfly family Coenagrionidae in 
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particular (Table 5a.7), were significant characteristic taxa of stream 3, although no specific 

odonatan genus contributed significantly (Table 5a.8). On the other hand, the coleopteran 

genus Stictonectes sp. and the dipteran genera Polypedilum sp. and Cricotopus spp. were 

significantly characteristic of stream 3, while higher corresponding taxonomic levels such as the 

orders Coleoptera and Diptera or the families Dytiscidae and Chironomidae were not 

characteristic due to high dispersion across all five headstreams. 

 

 

Table 5a.6. Indicator value scores (IndVal) and associated significance (P) 

obtained by Monte Carlo permutations for major groups of macroinvertebrates 

(mostly orders) in the five studied streams. Taxa are listed in descending order of 

IndVal, in each group. Significant characteristic taxa of each stream have an 

IndVal>25 and P<0.05. NS: Non-significant Monte Carlo test  

Taxon IndVal P Stream Abbr. 

Coleoptera 61.85 NS 1 Col 

Diptera 27.91 NS 1 Dip 

Oligochaeta 43.93 NS 2 Oli 

Lepidoptera 20.00 NS 2 Lep 

Hydracarina 10.91 NS 2 Hyd 

Hirudinea  100.00 <0.05 3 Hir 

Heteroptera 96.71 <0.05 3 Het 

Ephemeroptera 87.93 <0.05 3 Eph 

Mollusca 83.33 <0.05 3 Mol 

Odonata 66.67 <0.05 3 Odo 

Tricladida 33.33 NS 4 Tric 

Trichoptera  43.15 NS 5 Tri 

Plecoptera 34.75 NS 5 Ple 

 

 

Less than 10% of total taxa were exclusive to streams 1, 2, 4 and 5, corresponding to 

less than 1% of total captures (Table 5a.5). Very few taxa were significantly characteristic of 

these streams, namely the family Limnephilidae, the genera Stenophylax sp. and Brillia sp. in 

stream 5 and the genera Hydraena sp. and Diamesa sp. in stream 4 (Tables 5a.5 and 5a.6). 

Taxa common to all five streams accounted only for 12.4% (16 taxa) of total taxon richness, but 

represented 57.7% of total abundance (Table 5a.5).  



 

Table 5a.7. Indicator value scores (IndVal) and associated significance (P) obtained by Monte Carlo permutations for macroinvertebrate families in 

the five studied streams. Taxa are listed in descending order of IndVal, in each group. Significant characteristic taxa of each stream have an 

IndVal>25 and P< 0.05. NS: Non-significant Monte Carlo test; IS: Insufficient data to test for significance 
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Taxon IndVal P Stream Abbr.  Taxon IndVal P Stream Abbr. 

Culicidae (Dip.)  38.61 NS 1 Cul  Baetidae (Eph.)  21.88 NS 3 Bae 

Empididae (Dip.)  33.56 NS 1 Emp  Lestidae (Odo.)  16.67 NS 3 Les 

Helophoridae (Col.)  33.28 NS 1 Hel  Aeshnidae (Odo.)  16.67 NS 3 Aes 

Anthomyidae (Dip.)  30.91 NS 1 Ant  Gerridae (Het.)  16.67 NS 3 Ger 

Chironomidae (Dip.)  27.81 NS 1 Chi  Hydrochidae (Col.)  16.67 NS 3 Hydc 

Hydrophilidae (Col.)  17.75 NS 1 Hyd  Dryopidae (Col.)  16.67 NS 3 Dry 

Rhagionidae (Dip.)  10.00 NS 1 Rha  Scirtidae (Col.)  16.67 NS 3 Sci 

Oligochaeta  43.93 NS 2 Oli  Psychodidae (Dip.)  16.67 NS 3 Psy 

Tipulidae (Dip.)  20.00 NS 2 Tip  Ferissiidae (Mol.)  16.67 NS 3 Fer 

Pyralidae (Lep.)  20.00 NS 2 Pyr  Hydraenidae (Col.)  56.14 IS 4 Hydd 

Hydracarina  10.91 NS 2 Hid  Chloroperlidae (Ple.)  52.78 IS 4 Chl 

Leptophlebiidae (Eph.) 100.00 <0.05 3 Lep  Rhyacophilidae (Tri.)  44.44 IS 4 Rhy 

Erpobdellidae (Hir.) 100.00 <0.05 3 Erp  Mesoveliidae (Het.)  33.33 NS 4 Mes 

Elmidae (Col.)  88.90 <0.05 3 Elm  Lepidostomatidae (Tri.)  33.33 IS 4 Lem 

Sphaeriidae (Mol.)  83.33 <0.05 3 Sph  Ephydridae (Dip.)   33.33 NS 4 Eph 

Coenagrionidae (Odo.)  66.67 <0.05 3 Coe  Tricladida  33.33 IS 4 Tric 

Corixidae (Het.)  66.67 <0.05 3 Cor  Leuctridae (Ple.)  31.14 NS 4 Leu 

Polycentropodidae (Tri.)  62.07 <0.05 3 Pol  Simulidae (Dip.)  22.00 NS 4 Sim 

Notonectidae (Het.)  44.12 NS 3 Not  Philopotomidae (Tri.)  18.21 NS 4 Phi 

Siphlonuridae (Eph.)  43.37 NS 3 Sip  Limnephilidae (Tri.)  78.01 <0.05 5 Lim 

Dytiscidae (Col.)  42.89 NS 3 Dyt  Nemouridae (Ple.)  34.19 NS 5 Nem 

Perlodidae (Ple.)  33.33 NS 3 Per  Curculionidae (Col.)  33.33 IS 5 Cur 

Leptoceridae (Tri.)  33.33 NS 3 Lec  Stratiomyidae (Dip.)  33.33 IS 5 Str 

Ceratopogonidae (Dip.)  24.56 NS 3 Cer  Limoniidae (Dip.)  22.65 NS 5 Lio 
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Table 5a.8. Indicator value scores (IndVal) and associated significance (P) obtained by Monte Carlo permutations for macroinvertebrate taxa (mostly 

genera) in the five studied streams. Taxa are listed in descending order of IndVal, in each group. Significant characteristic taxa of each stream have an 

IndVal>25 and P<0.05 and only taxa with IndVal>25 are shown. NS: Non-significant Monte Carlo test; IS: Insufficient data to test for significance 

Taxon IndVal P Stream Abbr.  Taxon IndVal P Stream Abbr. 
Tanytarsus spp. (Dip.) 55.68 NS 1 Tan  Isoperla sp. (Plec.) 33.33 NS 3  
Macropelopia sp. (Dip.) 49.33 NS 1 Mac  Coenagrion sp. (Odo.) 33.33 NS 3  
Agabus sp. (Col.) 48.95 NS 1 Aga  Athripsodes sp. (Tri.) 33.33 NS 3  
Hydroporus sp. (Col.) 39.74 NS 1 Hydp  Larsia sp. (Dip.) 33.33 NS 3  
Culicidae (Dip.) 38.61 NS 1 Cul  Paratendipes sp. (Dip.) 33.33 NS 3  
Hydrobaenus sp. (Dip.) 36.44 NS 1 Hyd  Microtendipes sp. (Dip.) 33.33 NS 3  
Helophorus sp. (Col.) 33.28 NS 1 Hel  Eukiefferiella spp. (Dip.) 28.67 NS 3 Euk 
Enochrus sp. (Col.) 32.73 NS 1   Hydraena sp. (Col.) 66.67 <0.05 4  
Helochares sp. (Col.) 32.73 NS 1   Diamesa sp. (Dip.) 66.67 <0.05 4  
Bidessus sp. (Col.) 32.41 NS 1   Chloroperla sp. (Plec.) 52.78 IS 4  
Psectrocladius sp. (Dip.) 26.31 NS 1 Pse  Baetis sp. (Eph.) 33.33 NS 4  
Zavrelimyia sp. (Dip.) 62.52 NS 2 Zav  Mesovelia sp. (Het.) 33.33 IS 4  
Oligochaeta 43.93 NS 2 Oli  Coelostoma sp. (Col.) 33.33 IS 4  
Chaetocladius spp. (Dip.) 36.22 NS 2 Cha  Esolus sp. (Col.) 33.33 NS 4  
Procladius sp. (Dip.) 27.16 NS 2 Pro  Prosrhyacophila sp. (Tri.) 33.33 NS 4  
Dina sp. (Hir.) 100.00 <0.05 3   Lepidostoma hirtum. (Tri.) 33.33 NS 4  
Sphaerium sp. (Mol.) 83.33 <0.05 3   Heleniella spp. (Dip.) 33.33 IS 4  
Oulimnus sp. (Col.) 82.06 <0.05 3 Oul  Ephydridae (Dip.) 33.33 NS 4  
Polypedilum spp. (Dip.) 81.73 <0.05 3 Pol  Polycelis sp. (Tricladida) 33.33 NS 4  
Habrophlebia sp. (Eph.) 66.67 <0.05 3 Hap  Leuctra sp. (Plec.) 32.79 NS 4 Leu 
Hesperocorixa sp. (Het.) 66.67 <0.05 3   Stenophylax sp. (Tri.) 76.49 <0.05 5 Ste 
Stictonectes sp. (Col.) 66.67 <0.05 3   Brillia sp. (Dip.) 66.67 <0.05 5 Bri 
Cricotopus spp. (Dip.) 59.58 <0.05 3 Cri  Heterotrissiocladius sp. (Dip.) 56.89 NS 5 Het 
Plectrocnemia sp. (Tri.) 59.18 <0.05 3 Ple  Parametriocnemus sp. (Dip.) 34.60 NS 5 Parc 
Tvetenia spp. (Dip.) 52.28 NS 3 Tve  Nemoura sp. (Plec.) 34.36 NS 5 Nem 
Ischnura sp. (Odo.) 50.00 NS 3   Chaetopteryx sp. (Tri.) 33.33 NS 5  
Ablabesmyia sp. (Dip.) 50.00 IS 3   Pseudorthocladius sp. (Dip.) 33.33 NS 5  
Notonecta sp. (Het.) 44.12 NS 3   Prodiamesa sp. (Dip.) 33.33 NS 5  
Siphlonurus sp. (Eph.) 43.37 NS 3 Sip  Stratiomyidae (Dip.) 33.33 NS 5  
Corynoneura spp. (Dip.) 42.51 NS 3 Cor  Micropsectra spp. (Dip.) 31.81 NS 5 Mic 
Thienemanniella spp. (Dip.) 40.82 NS 3 Thi  Krenosmittia sp. (Dip.) 31.17 NS 5 Kre 
Paratrichocladius sp. (Dip.) 34.45 NS 3 Part  Allogamus sp. (Tri.) 29.17 NS 5  
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Macroinvertebrate temporal patterns 

Average macroinvertebrate genus richness per sampling campaign was relatively 

constant through time (Figure 5a.7), with the highest values registered during the driest months 

(July and September), although a single stream was sampled in July. When considering the 

cumulative taxa for each sampling campaign, June, September and November presented the 

highest genus richness (Figure 5a.7, bottom scheme) and a high turnover rate of invertebrate 

species was observed between sampling occasions. Streams 2, 4 and 5 showed the smallest 

variations through time. The difference between the richest and poorest sampling occasion for 

these streams never exceeded seven taxa. Streams 3 and 1 showed higher differences on 

genus richness between sampling occasions, varying in 20 and 12 taxa, respectively. Average 

macroinvertebrate abundance showed some variations, with highest numbers recorded in June 

and November and lowest during August (Figure 5a.7).  

 

 
 

Figure 5a.7 - Mean macroinvertebrate abundance and genus richness on each sampling 

occasion with respective standard deviations. Genus richness for each stream is also indicated. 

Total genus richness on each sampling occasion and number of arriving and departing genera 

between sampling occasions is given on the bottom diagram. 
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No significant differences were found when comparing diversity metrics [abundance (N) 

and taxon richness (S)] among flow conditions, connected pools and isolated pools (GLS based 

ANOVA: FS = 0.15, df = 2, 15, P = 0.86; FN = 0.07, df = 2, 15, P = 0.93), independently of the 

stream, nor when all pools were considered as a single category (GLS based ANOVA:  

FS = 0.34, df = 1, 16, P = 0.57; FN = 0.00, df = 1, 16, P = 0.99). 

Among the most frequent and abundant genera (Figure 5a.4), several distinct temporal 

patterns were observed such as: (i) genera that were captured only during the driest months, 

like Odonata, (ii) genera that were captured only before the driest months but never later, like 

the mayfly Siphlonurus sp., (iii) genera mainly observed during first stages of colonization, like 

the chironomid Krenosmittia sp. and the caddisfly Stenophylax sp., (iv) genera with high 

frequency of occurrence and abundance such as the chironomids Corynoneura sp. and 

Eukiefferiella sp. and the stonefly Nemoura sp. 

Streams showed different temporal patterns concerning the presence of invertebrates 

characteristic of lotic (EPT) and lentic habitats (OCH) and related to extreme conditions (Diptera 

and Oligochaeta) (Figure 5a.8).  
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Figure 5a.8 - Relationships between Ephemeroptera, Plecoptera, and Trichoptera (EPT) richness relative to 

EPT + Coleoptera, Heteroptera and Odonata (OCH) richness [EPT /(EPT+OCH)] and Diptera + Oligochaeta 

abundances relative to total captures [Diptera + Oligochaeta)/ Total] for each stream and sampling occasion. 
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Stream 1 was highly consistent through time, with high abundance of tolerant taxa, 

mostly Diptera, and few EPT genera (Figure 5a.8). High abundance of tolerant taxa 

(oligochaetes and dipterans) was also very constant among sampling occasions in stream 2, but 

with several EPT genera, which slightly decreased during summer months (August and 

September). Streams 4 and 5, with a longer dry period, presented a recolonization phase 

(November) somewhat different from the remaining sampling occasions, mainly due to a 

decrease in the abundance of tolerant species (Diptera), the dominance of Nemoura sp. and the 

presence of a chironomid species, Krenosmittia sp (Figure 5a.4). Stream 3 had fewer EPT 

genera and more OCH genera during summer months (July, August and September) and 

tolerant taxa were mainly present during spring months. 

 

 

Discussion 

General appraisal  

Considerable attention has been given to alpine streams in response to increased 

awareness of the important role that these headwater streams play in major river systems (e.g., 

Füreder et al., 2001; Ward, 2002; some special issues such as issue 46 of Freshwater Biology 

in 2001). However, there is still lack of studies on high altitude rhithral and krenal streams since 

most published works refer to glacier-fed streams (kryal) (Maiolini et al., 2006). The high altitude 

streams in Serra da Estrela showed no nutrient enrichment or obvious alterations of 

hydromorphological parameters as expected by the lower level of human perturbation in this 

natural protected area. Although being anthropogenically undisturbed systems, mountain 

streams are strongly influenced by natural disturbances related to wind, temperature and 

hydrological conditions.  

 

Spatial and temporal macroinvertebrate abundance 

Hydrological changes were the most obvious natural disturbances identified in the 

present study, mainly related to wet, cold winters and early springs and dry, warm summers. 

Drought, as an unpredictable (or predictable; see Lake, 2003) low flow period with unusual 

duration and/or intensity (Humphries & Baldwin, 2003), leads to a loss of longitudinal and lateral 

hydrological connectivity, which causes direct or indirect changes in stream ecosystems 

properties (Bonada et al., 2006). On the other hand, high flows, although restoring the 

connectivity, are more sudden events leading to the displacement of benthic communities (e.g., 

Quinn & Hickey, 1990; Chaves et al., 2005). These frequent disturbances in the studied streams 

induced the dominance of highly mobile, pioneer specimens such as the family Chironomidae, 
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as also verified in other temporary (Acuña et al., 2005) and high altitude streams (Füreder et al., 

2001; Maiolini & Lencioni, 2001; Maiolini et al., 2006). Chironomidae displayed a relative 

abundance above 70%, very similar to what was found in the Alpine Italian inlets (Maiolini et al., 

2006) and glacial tributaries at upper altitudes (Maiolini & Lencioni, 2001) but considerably 

higher than in most undisturbed streams. Although chironomids are commonly the most 

ubiquitous and dominant insect family in most freshwater systems (Williams & Feltmate, 1992; 

Cranston, 1995), in intermittent undisturbed stream sites located in the Mondego River basin at 

slightly lower altitudes (950-1060 m) chironomid abundance never exceeded 50% of total 

abundance (e.g., sites 1 and 2 in Chaves et al., 2006).  

Similar to previous studies, Plecoptera was the sub-dominant group in the present study 

(Maiolini & Lencioni, 2001). Nemouridae and Limnephilidae were the best represented stonefly 

and caddisfly families, respectively, as also described by Maiolini et al. (2006) but, while these 

authors referred to the sporadic presence of Odonata, Heteroptera and Coleoptera, here 

coleopterans were found in every stream and on almost every sampling occasion, and 

sometimes exceeded the abundance of Ephemeroptera. This last group is known to be poorly 

represented on isolated mountaintops, particularly above the tree line (Williams & Feltmate, 

1992). As expected, the non-insects accounted for a small percentage of total abundance 

(Williams, 1987, Maiolini et al., 2006). Moreover, the abundance of major invertebrate groups in 

these streams at altitudes between 1400 m a.s.l. and 1700 m a.s.l. seems to be similar to that 

found in the Italian Alps above 2000 m a.s.l. (Maiolini et al., 2006) and glacial streams 1 km 

away from the snout of the glacier and already with some krenal influence (Maiolini & Lencioni, 

2001). 

Over time, the greatest abundances found in these high altitude systems were also 

related to flow variations, similar to what Boulton & Lake (1992) have shown. The first and larger 

peak occurred in late spring as flow diminished and the second in autumn when flow stabilized 

after the first heavy rains. These were expected results since increasing food availability 

(detritus) during the flow reduction (or stabilization) can lead to a considerable increase in 

invertebrate abundance (Boulton & Lake 1992; Acuña et al., 2005). These peaks were 

especially related to the appearance or increasing numbers of Chironomidae genera as 

described by Acuña et al. (2005) and Boulton & Lake (1992), but also of Habrophlebia sp., 

Siphlonurus sp. and Helophorus sp. The abundance peak of late spring dropped rapidly in 

response to flow cessation (habitat contraction) and probable consequent predation pressure 

(Acuña et al., 2005) during summer months, when Tanypodinae and some Odonata and 

Heteroptera species started to arrive. High abundance variation within streams was probably 

due to alterations in flow conditions. The smaller number of samples collected in streams 4 and 

5 and the similar abiotic conditions between sampling occasions in these streams (dry in 

summer) may explain the highest homogeneity in their abundance values. On the other hand, 
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the bedrock substrata of streams 1, 2 and 3 allowed the formation of long lasting pools with 

consequent high macroinvertebrate abundance variations. 

 

Taxon richness of pools and flow conditions 

Ward et al., (1999) suggested that low genus richness should be associated with the 

loss of connectivity during the warmest months since exchanges of matter, energy and 

organisms are confined to isolated pools. However, maximum genus richness for streams that 

showed a marked variation through time (streams 1 and 3) occurred in the connected pools or 

in isolated pools shortly after flow stopped. This indicates the occurrence of invertebrate 

migration from the drying riffles to the pools, similarly to what Williams & Hynes (1977) and 

Boulton & Lake (1992) have found. To further develop this hypothesis, Acuña et al. (2005) 

suggested that flow reduction increased the detritus coverage, thereby enhancing spatial habitat 

heterogeneity, which may increase taxon richness.  

Typical lentic habitat taxa, such as OCH, were detected mainly during summer months, 

particularly Odonata species, but also some Heteroptera (e.g., Hesperocorixa sp., Sigara sp.) 

and Coleoptera genera (Hydrochus sp., Stictonectes sp.) that arrived between the June and 

July sampling occasions. This is typically found in Mediterranean streams (Rieradevall et al., 

1999). All Odonata and most Heteroptera species were detected only in stream 3. The overlap 

between benthic composition of pools and flow conditions seems to be greater in more 

temporary streams, whereas habitat specific assemblages occurred in the most permanent 

stream (i.e. stream 3), similar to what Boulton & Lake (1992) have described. Even so, the 

macroinvertebrate taxonomic composition of isolated pools, connected pools or flowing 

conditions was not significantly distinct, similar to Rabeni et al. (2002) but in contrast to most 

macrohabitat connectivity studies performed in Mediterranean-type climate regions (e.g., 

Rieradevall et al., 1999; Bonada et al., 2006). This difference can be related to the influence of 

the mountain environment, which might complicate the dispersion ability of OCH taxa, 

facilitating the dominance of chironomids, and simultaneously ameliorating physicochemical 

conditions in pools. Pools were very shallow systems influenced by windy conditions, where 

dissolved oxygen never dropped below 6 mg l-1, enabling the presence of oxygen sensitive 

macroinvertebrate taxa (Habrophlebia sp.) even during the driest month. 

The cumulative family richness found in the earlier mentioned intermittent streams (sites 1 

and 2 in Chaves et al., 2006) was higher than in the present study, with a disparity of nine 

families in relation to stream 3 (the most permanent one, although forming pools) and 19-25 

families when compared to the other studied streams. The loss of taxon richness with increasing 

altitude was expected (e.g., Maiolini & Lencioni, 2001). Genus richness in the present study was 
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slightly higher than that found in Alpine streams, although genus composition was somewhat 

different (Maiolini & Lencioni, 2001). 

We found some overlap between macroinvertebrate faunas of the studied streams, 

probably due to spatial proximity and similitude between flow regimes (all streams dry up to 

form pools), although only 16 taxa (57.7% abundance) were common to all five streams, half of 

which belonging to the order Diptera (36.1% abundance). These common taxa included 

different taxonomic levels (class, family and genus), so it is possible that if all specimens had 

been identified to species or genus the similarity between streams would decrease even more. 

 

Length of the dry period and environmental gradients 

Temporary streams are essentially natural water bodies that experience a recurrent dry 

period of varying duration (e.g., Williams, 1987; 2006). The three temporary flow regimes 

studied included streams that (i) never dried but formed pools, (ii) dried for less than 3 months 

and (iii) dried for at least three months. The most permanent stream (stream 3), showed the 

most dissimilar macroinvertebrate community with the highest richness, diversity, EPT and OCH 

genus richness, more characteristic taxa identified by the IndVal procedure and distinct 

community structure as showed by CCA ordinations. Unsurprisingly, the occurrence of a dry 

period clearly disturbs the aquatic organisms living there (Williams, 1987; Delucchi et al., 1988; 

Rieradevall et al., 1999; Boulton, 2003) and, further, species richness apparently increases with 

increasing water permanence (Williams, 1987; 2006). In accordance with this, abiotic gradients 

established along first ordination canonical axes always related to flow variations, which are 

among factors best related to benthic community composition in running waters (e. g. Statzner 

& Higler, 1986; Sandin & Johnson, 2004). Streams with lower discharge conditions and 

therefore a higher probability of drying were clearly separated from the most permanent stream 

along the first ordination axes. No major differences were found for the flow regimes with 

different length of the dry period, with the exception of the recolonization period (November). 

Streams that dried for a longer period of time (4 and 5) presented a distinct recolonization 

phase, while streams 1 and 2 had similar benthic community structures even after the dry 

period. The absence of solid rock substrata, in contrats to streams 1, 2 and 3, and the dominant 

gravel sediment in streams 4 and 5 probably enabled the colonization by some stonefly species 

such as Nemoura sp. (Williams, 1987) and chironomid species such as Krenosmittia sp. 

(Ferrington, 1984) from the hyporheos.  

 

Taxonomic identification levels 

The choice of taxonomic level (genus, family and order) did not seem critical in identifying 

environmental gradients and streams with the highest macroinvertebrate richness and diversity. 
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However, the characteristic taxa of streams, established by the IndVal procedure, varied 

considerably with the taxonomic level. A macroinvertebrate order could be characteristic of a 

site but by enclosing so many different families and genera that occurred on different sampling 

occasions none of these lower taxa were characteristic of that site. On the other hand, some 

particular families or genera were characteristic of a specific stream, although higher taxonomic 

levels were not characteristic of a site due to high dispersion among streams.  

 

 

Conclusions 

An interesting and distinct community was present in high headwater mountain streams 

with intermittent flow due to summer dry conditions. The highest taxon richness, diversity, EPT 

and OCH genus richness, greatest number of characteristic taxa identified by IndVal and distinct 

community structure shown by CCA ordinations were found in the only stream which was never 

totally dry, with pools lasting over summer. Environmental gradients structuring the 

macroinvertebrate communities were always related to flow variations and an increase in the 

length of the dry period seemed to have special importance for the invertebrate community 

recolonization. In the future, global climate changes may transform perfectly predictable 

seasonal droughts, typical from Mediterranean-type climate, into supra-seasonal droughts 

leading to disturbances that increase in strength with time (see Lake, 2003). Subsequently, 

changes in water quantity and quality may also be expected (Allan & Flecker, 1993) and the 

headwater of mid-latitude streams will, at least, be reduced in extent if warmer climates prevail 

(Regier & Meisner, 1990). If predictions are true, warmer winters, with increasing rain but 

decreasing snow deposition, and drier summers are expected for high mountain scenarios. 

These changes may induce a reduction in streams spring and summer flows and an increase in 

the duration of the dry period, leading to a decline in the riverine fauna biodiversity, which 

cannot be easily counteracted by conservation measures. It is important to obtain consistent 

pre-impact long-term data sets in order to incorporate the natural variability of these systems 

and accurately predict the ecological consequences of future climate changes in high altitude 

scenarios. 

Although data analyses helped summarize important information, complex ecological 

patterns were found, probably deriving from multiple and simultaneous interactions of variables 

related to flow intermittency and hydrologic permanence in headwaters, high altitude, different 

vegetation cover and river bed substrata. All these factors should be carefully considered to 

avoid misinterpretation when evaluating the stream condition. It was difficult to find close faunal 

similarities among the studied streams, despite their spatial proximity, so reference conditions 

establishment for these high altitude streams with siliceous geology and very small catchment 
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areas (<10 km2) should also imply long-term data collection and more detailed physical 

characterization. A choice of taxonomic level did not seem critical for identifying streams with 

the highest macroinvertebrate richness and diversity and structuring environmental gradients 

but was vital for recognizing streams’ characteristic taxa. 
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Appendix 5a.1. Distribution of macroinvertebrate taxa in five high altitude streams of Serra da Estrela (Portugal). Number of * 
indicates taxon total abundance, with * <10; ** 10-100; *** 100-1000 and **** >1000 specimens in a 10 m stream reach 

Stream Taxa Author 
1 2 3 4 5 

Tricladida Polycelis sp. Ehrenberg, 1831    *  
Oligochaeta    *** *** *** * ** 
Hirudinea        
Erpobdellidae Erpobdella sp. de Blainville, 1818   *   
 Dina sp. Blanchard, 1892   **   
Mollusca        
Ferrissidae Ferrissia sp. Fullaway, 1923   *   
Sphaeriidae Sphaerium sp. Scopoli, 1777   **   
Hydracarina     * *   
Ephemeroptera        
Leptophlebiidae     **   
 Habrophlebia sp. Eaton, 1881   ***   
Baetidae   ** * ** * * 
 Procloen bifidu (Bengtsson, 1912)   **   
 Cloeon sp. Leach, 1815 *     
 Baetis sp. Leach, 1815    *  
Siphlonuridae Siphlonurus sp. Eaton, 1868 * ** *** * * 
Plecoptera        
Nemouridae Nemoura sp. Latreille, 1796 *** *** *** *** *** 
 Protonemura sp. Kempny, 1898 * *    
Leuctridae       * 
 Leuctra sp. Stephens, 1836 **  * ** ** 
Perlodidae Isoperla sp. Banks, 1906   *   
Chloroperlidae Chloroperla sp. Newman, 1836    ** * 
Trichoptera        
Philopotamidae Womaldia sp. McLachlan, 1865  **  **  
Polycentropodidae Plectrocnemia sp. Stephens, 1836  ** ** *  
 Cyrnus sp. Stephens, 1836   *   
Rhyacophilidae Pararhyacophila sp. 1)   * * * 
 Prosrhyacophila sp. 1)    *  
Limnephilidae Stenophylax sp. Kolenati, 1848 * * ** * ** 
 Grammotaulius sp. Kolenati, 1848  *    
 Allogamus sp. Schmid, 1955   *  * 
 Chaetopteryx sp. Stephens, 1829     * 
Lepidostomatidae Lepidostoma hirtum (Fabricius, 1775)    *  
Leptoceridae Athripsodes sp. Billberg, 1820   *   
Diptera        
Psychodidae      *   
Culicidae    *** * *   
Simuliidae  Simulium sp. Latreille, 1802 ** ** ** ** ** 

 Prosimulium sp. Roubaud, 1906 *     
Ceratopogonidae    ** * **   
Chironomidae   Tanypodinae Ablabesmyia sp. Johannsen, 1905   **   
 Krenopelopia  Fittkau, 1962  *    
 Larsia sp. Fittkau, 1962   *   
 Macropelopia sp. Thienemann, 1916 *** *** ** ** ** 
 Natarsia sp. Fittkau, 1962   **   
 Paramerina sp. Fittkau, 1962 ***  **   
 Procladius sp. Skuse, 1889 *** *** *   
 Trissopelopia sp. Kieffer, 1923   *   
 Zavrelimyia sp. Fittkau, 1962 *** *** **  ** 
                          Diamesinae Diamesa sp. Meigen, 1835    **  
 Pseudokiefferiella sp. Zavrel, 1941 *     
                          Prodiamesinae Prodiamesa sp. Kieffer, 1906     * 
                          Orthocladiinae Brillia sp. Kieffer, 1913     *** 

 
Bryophaenocladius 
sp. 

Thienemann, 1934 *     

 Chaetocladius spp. Kieffer, 1911 *** *** ** **  
 Corynoneura spp. Winnertz, 1846 *** *** *** ** *** 
 Cricotopus spp. van der Wulp, 1874    *** **  
 Eukiefferiella spp. Thienemann, 1926 *** *** *** *** *** 
 Heleniella spp. Gouin, 1943    *  

 
Heterotrissiocladius 
sp. 

Spärk, 1923 *** *** *** ** **** 

 Hydrobaenus sp. Fries, 1830 **  ***   
 Krenosmittia sp. Thienemann & Krüger, 1939  *  ** *** 
 Lymnophyes sp. Eaton, 1875  ** **  ** 
 Orthocladius spp. van der Wulp, 1874 ** * ** *  
 Parametriocnemus sp. Goetghebuer, 1932 ** *** ** * *** 

 
Paraphaenocladius 
sp. 

Thienemann, 1924  ** **   

 Paratrichocladius sp. Santos-Abreu, 1918 **  ***   
 Psectrocladius spp. Wülker, 1956/ Kieffer, 1906 ** * **   
 Pseudorthocladius sp. Goetghebuer, 1932     ** 
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Appendix 5a.1 (cont.) 
Stream Taxa Author 

1 2 3 4 5 
Diptera        
Chironomidae   
Orthocladiinae Rheocricotopus spp. 

Thienemann & Harnisch, 
1932  ** * **  

 Smittia sp. Holmgren, 1869  *    
 Stilocladius spp. Rossaro, 1979  **    

 
Thienemanniella 
spp. 

Kieffer, 1911  ** *** ** ** 

 Tvetenia spp. Kieffer, 1922 *** ** ****  ** 
                          Chironomini Chironomus sp. Meigen, 1803  *     
 Microtendipes sp. Kieffer, 1915   *   
 Paratendipes sp. Kieffer, 1911   **   
 Polypedilum spp. Kieffer, 1912   ***  * 
                          Tanytarsini Micropsectra spp. Kieffer, 1909  *** *** ** ** *** 
 Paratanytarsus sp. Thienemann & Bause, 1913 *     
 Stempellinella sp. Brundin, 1947  **  *  
 Tanytarsus spp. van der Wulp, 1874 **** **** **  ** 
Tipulidae      *    
Limoniidae     ** *** * ** ** 

Pediciini      *  
Hexatomini      *  

Stratiomyidae        * 
Empididae      *    

Hemerodromiinae   *     
 Rhamphomyia sp. Meigen, 1822 *    * 

Rhagionidae  Chrysopilus sp. Macquart,1826 * *    
Ephydridae        *  
Anthomyidae   **  *   
 Lmnophora sp. Robineau-Desvoidy, 1830 *     
 Lispe sp. Latreille, 1796 *     
Lepidoptera        
Pyralidae     *    
Coleoptera        
Dytiscidae   **   *  
 Dytiscus sp. Linnaeus, 1758   *   
 Meladema sp. Laporte, 1835   *   
 Agabus sp. Leach, 1817 ** * ** * * 
 Stictonectes sp. Brinck, 1943   **   
 Deronectes sp. Sharp, 1882   *   
 Bidessus sp. Sharp, 1882 **  *   
 Hydroporus sp. Clairville, 1806 ** * ** * ** 
 Laccornis sp. Gozis, 1914  *    
 Scarodytes sp. Gozis, 1914   *   
 Acilius sp. Leach, 1817   *   
 Ilybius sp. Erichson, 1832 * *    
Hydrophilidae  Coelostoma sp. Brullé, 1835    *  
 Anacaena sp. Thomson, 1859 *     
 Enochrus sp. Thomson, 1859 *  *   
 Helochares sp. Mulsant, 1844 *  *   
Helophoridae Helophorus sp. Fabricius, 1775 *** * ** ** ** 
Hydrochidae Hydrochus sp. Fallén, 1823   **   
Hydraenidae  Hydraena sp. Kugelann 1794    *  
 Limnebius sp. Leach 1815   *   
Dryopidae  Dryops sp. Olivier, 1791   *   
Elmidae  Esolus sp. Mulsant & Rey, 1872   ** *  
 Oulimnus sp. Des Gozis, 1886   *** *  
 Limnius sp. Illiger, 1802   *   
 Stenelmis sp. Dufour, 1835 *     
Scirtidae Cyphon sp. Paykull, 1799   *   
Curculionidae       * 
Odonata        
Lestidae Chalcolestes viridis (Vander Linden, 1825)   *   
Coenagrionidae Ischnura sp. Charpentier, 1840   **   

 Coenagrion sp. Kirby, 1890   *   
Aeshnidae Anax sp. Leach, 1815   *   
Heteroptera        
Notonectidae Notonecta sp. Linnaeus, 1758 *  *   
Corixidae Hesperocorixa sp. Kirkaldy, 1908   ***   
 Sigara sp. Fabricius, 1775   **   
 Parasigara sp. Poisson, 1957   *   
Mesoveliidae Mesovelia sp. Mulsant & Rey, 1852    *  
Gerridae Gerris sp. Fabricius, 1794   *   

1) This sub-genus belongs to the genus Rhyacophila Pictet, 1834. 
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High altitude Chironomidae (Diptera)  

of Serra da Estrela (Portugal):  

Additions to the Portuguese and Iberian Peninsula fauna 

 

 
 
Abstract: A Chironomidae (Diptera) fauna list for headwater streams of high altitude areas in Serra da 
Estrela (Portugal) is presented, doubling the previously established species richness for the region. The 
findings include 17 new records for Portugal, which represent an upgrade to 219 species for the 
Chironomidae fauna within continental Portugal. Two new records were detected for the Iberian Peninsula: 
one species (Tvetenia duodenaria) and one subgenus (Psectrocladius (Mesopsectrocladius)); and the 
presence of the genus Natarsia was confirmed. The last two occurrences correspond to monoespecific 
taxa of the Palearctic region. However, as these two taxonomic identifications were based on larval 
material, instead of pupae, pupal exuviae or imagoes, species level assignment is still uncertain.  
 
Key words: Diptera, Chironomidae, high mountain streams, Serra da Estrela, Portugal, Iberian 
Peninsula. 
 
 
 
 

Introduction 

Chironomids are one of the most abundant and diverse group of aquatic insects 

inhabiting freshwater systems, particularly in alpine headwater streams (Castella et al., 2001; 

Lods-Crozet et al., 2001a; 2001b; Maiolini & Lencioni, 2001) and lakes (Rieradevall et al., 1998; 

Rieradevall & Prat, 1999; 2000; Füreder et al., 2006). These areas have great biogeographical 

interest due to the presence of both euryoecious and cold-stenothermal species, which can not 

cross geographical barriers formed by warmer lowland waters. The westernmost high-mountain 

in continental Europe is Serra da Estrela in Portugal (1993 m a.s.l.), although not as high as 

other alpine ranges such as the Pyrenees or the Alps. Knowledge of macroinvertebrate fauna 

and especially of chironomids in Serra da Estrela is still limited to rivers and streams below 

1400 m a.s.l. (Reiss, 1989; Cobo et al., 2001) and high mountain lakes above 1615 m a.s.l. 

(Rieradevall & Prat, 1999). Five intermittent headwater streams located above 1400 m a.s.l. 

were studied in the present work, which is part of a larger study on the benthic 

macroinvertebrate community of these high altitude streams (see Chaves et al., 2008). The 

main objective of the present paper is to improve the knowledge of Serra da Estrela freshwater 

biodiversity, namely with respect to the Chironomidae fauna. 
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Methods 

Biological data was collected in five different intermittent headwater streams located 

within the Mondego River basin, in Serra da Estrela Natural Park (Table 5b.1). Distance 

between sites ranged from 16 km to 0.5 km. Therefore, all sites presented very similar climatic 

and geological conditions and fit in a single stream type (> 800 m a.s.l., siliceous geology, with 

less than 10 km2 of catchment area). 

 

Table 5b.1. Location and physiographic characteristics of each of the five stream sites studied. All sites are within the 

Mondego River basin in Serra da Estrela (Portugal) 

   Streams   
Variables 

1 2 3 4 5 

Latitude (North) 40º21.840 40º21.775 40º21.445 40º25.700 40º24.244 

Longitude (West) 7º37.847 7º37.713 7º37.630 7º35.653 7º35.172 

Distance from source (km) 0.38 0.40 2.00 0.73 0.50 

Altitude (m a.s.l.) 1673 1664 1629 1400 1470 

Drainage basin (km2) 0.08 0.15 2.16 0.20 0.13 

Ribeira da 
Lagoa (Alva) 

Ribeira da 
Lagoa (Alva) 

Ribeira da 
Lagoa (Alva) 

Ribeira do 
Cabaço (Alva) 

Ribeira da 
Fervença (Alva) Tributary of 

 

 

The five intermittent stream sites were sampled on six occasions, at approximately four 

to six-weekly intervals, from late April 2004 to early November 2004. All five streams dried up to 

form pools in summer. Streams 1 and 2 were totally dry during one sampling occasion (July) 

and streams 4 and 5 during three sampling occasions (from July to mid October). More 

information about ecological functioning and benthos structure at these localities can be found 

in Chaves et al. (2008). 

Pupae and pupal exuviae of Chironomidae were collected by applying the methodology 

indicated by Langton and Casas (1998), using a hand-net of 250 µm mesh size. Care was taken 

to include all possible habitats over representative sections of the stream (10 m samples). 

Samples were preserved in situ in 96% ethanol, rinsed using a 250 µm mesh-sized sieve, 

sorted under magnification and preserved in 70% ethanol.  

Pupal exuviae (Pe), pupae and pharate imagoes (Pm for male pupae, and Pf for female 

pupae) and larvae were prepared for taxonomical identification following current methods, which 

included, when necessary, bathing in a warm 10% potassium hydroxide solution for clearing the 

specimen, rinsing with distilled water, dehydrating in 70% and 90% ethanol and mounting in 

Euparal media. Pupal skins were identified following Langton’s (1991) key. These microscope 

slides are deposited in M. Rieradevall’s collection at the University of Barcelona. For larvae 

identification mainly Wiederholm (1983) and Schmid (1993) were used together with a 
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miscellaneous of bibliography, and M. Rieradevall’s collection from Iberian mountain lakes and 

streams. This collection material allowed the correlation between several larvae specimens and 

their pharate adults and consequently the development of Corynoneura and Micropsectra 

unpublished identification keys that helped in the present identifications.  

 

Results and Discussion 

Species identified using pupaes and pupal exuviae during the present study are 

presented in table 5b.2, with indication of stream and collection date and type and quantity of 

examined material. For completeness and due to the relevance of some findings, we also 

present a check list of chironomid taxa (genus and/or species) that were identified using larval 

material exclusively (Table 5b.3).  

Chironomid species assemblages in the five headwater streams studied accounted for 

62 taxa, including representatives of subfamily Tanypodinae (9 taxa), Diamesinae (3), 

Prodiamesinae (1), Orthocladiinae (38), and Tribes Chironominii (4) and Tanytarsinii (7) (Tables 

5b.2 and 5b.3). Forty-two taxa are new for Serra da Estrela (Tables 5b.2 and 5b.3), updating the 

Chironomidae fauna richness of this area to a total of 85 taxa, from the 43 reported up to now 

(Cobo et al., 2001).  

These findings include 17 new records for Portugal, which represent an upgrade from 

the 202 previously detected taxa (Cobo et al., 2002) to 219 species for the Chironomidae fauna 

within continental Portugal. One of these taxa is a new species record for the Iberian Peninsula 

(Tvetenia duodenaria Kieffer, 1922) and two are new monotypic genus and subgenus records 

for the same region (Natarsia (presumably N. punctata (Fabricius, 1805)), and Psectrocladius 

(Mesopsectrocladius) (presumably P. (M.) barbatipes Kieffer, 1923), respectively) (Table 5b.2). 

In the case of the genus Natarsia this is the confirmation of its presence in the Iberian 

Peninsula, since it had already been cited by Czerny & Strobl (1909). Posterior references to 

Natarsia (Arias, 1912; Cobo et al., 1987 and Soriano et al., 1997) were just citations of this 

same old and unique source of information. Maybe this was the reason why Cobo et al. (2002) 

omitted the inclusion of Natarsia in their Iberian Chironomidae catalogue.  

Three new genera records for continental Portugal are included: Hydrobaenus, Smittia, 

and Paratendipes (Table 5b.3). The remaining identifications represent an expansion of their 

known altitudinal range in Portugal. Since different material types (pupal exuviae, pupae, 

pharate imagoes and larvae) were used for taxonomic identification, only six taxa (those 

identified with pupal exuviae) can be considered as consistent new species cites, while the 

remaining taxa (11) need further confirmation with supplementary pupal or imagoes specimens.  

 



 

Table 5b.2. Species of Chironomidae found in Serra da Estrela (SE). New records for the Iberian Peninsula, Continental Portugal and Serra da Estrela are indicated by ***, ** and *, respectively. 

For each species and site the date of capture is indicated as well as type and quantity of examined material: pupal exuviae (Pe), pharate pupa male (Pm) and female (Pf). Additional information for 

each species includes the previous citations in Serra da Estrela (SE) and/or Portugal. 1- Rieradevall et al. (1998); 2- Rieradevall & Prat (1999); 3- Malo et al. (1998); 4- Cobo et al. (2001); 5- Reiss 

(1989); 6- Freeman (1959) (only to Azores and Madeira); 7- Cobo et al. (2002). # indicates previous species citations in Serra da Estrela that were omitted in Cobo et al. (2001). ## confirms the 

species presence in Serra da Estrela, already cited by Rieradevall & Prat (1999), although Cobo et al. (2002) considered its presence not confirmed. ### indicates species already cited for Portugal 

(Cobo et al., 2001), although not included in the Iberian Chironomidae catalogue by Cobo et al. (2002) 

 Species Stream 1 Stream 2 Stream 3 Stream 5 SE Portugal
 Procladius (Holotanypus) choreus (Meigen, 1804) (22-09-2004): Pf 1.    1, 2 3, 4 

 Macropelopia sp. (05-06-2004): Pf 1    4  

 Ablabesmyia longistyla Fittkau, 1962   (05-06-2004): Pf 2  4 # 3, 5 

** Paramerina cingulata (Walker, 1856) (22-09-2004): Pf 1  (22-09-2004): Pf 5   6 

* Zavrelimyia barbatipes (Kieffer, 1911) (22-09-2004): Pf 1 (05-06-2004): Pm 1 (15-07-2004): Pf 1,  
(22-09-2004): Pm 1 + Pf 4 

(04-06-2004): Pm 1  4, 7 

 Diamesa Pe 2, Langton, 1991    (21-04-2004): Pf 1   

** Bryophaenocladius muscicola (Kieffer, 1906)   (22-09-2004): Pe 1    

* Chaetocladius melaleucus (Meigen, 1818) (22-09-2004): Pm 2 + Pf 6     4, 7 

 Cricotopus (Cricotopus) bicinctus (Meigen, 1818)   (05-06-2004): Pm 2 + Pe 2 
(22-09-2004): Pm 1 

 4 3, 4, 5 

** Cricotopus (Cricotopus) fuscus (Kieffer, 1909)   (22-09-2004): Pf 1    

** Eukieferiella brehmi Gouin, 1943 (28-08-2004): Pe 7 + Pm 1 
+ Pf 5 
(22-09-2004): Pe 1 
(11-11-2004): Pe 1 + Pf 4 

(20-04-2004): Pf 1  
(05-06-2004): Pf 1 
(28-08-2004): Pm 1 

(28-08-2004): Pf 3  
(22-09-2004): Pf 2 
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Heterotrissocladius marcidus (Walker, 1856) (20-04-2004): Pm 1  (20-04-2004): Pm 1 (21-04-2004): Pf 1  2, 4# 4, 7  
(22-09-2004): Pe 1 (04-06-2004): Pf 2 

Orthocladius (Eudactylocladius) fuscimanus (Kieffer in 
Kieffer & Thienemann, 1908) 

(22-09-2004): Pe 2 + Pm 1     4 * 

Parametriocnemus stylatus (Kieffer, 1924)  (22-09-2004): Pe 2    4 * 

Psectrocladius (Psectrocladius) oligosetus Wülker, 1956 (22-09-2004): Pe 1    1, 2, 7 ##   

Tvetenia duodenaria Kieffer, 1922 (28-08-2004): Pm 2 + Pe 2      *** 

Zalutschia humphresiae Dowling & Murray, 1980 (20-04-2004): Pe 2 + Pf 2  (22-09-2004): Pm 1    ** 

Micropsectra apposita (Walker, 1856) (05-06-2004): Pe 2    4 4  

Tanytarsus buchonius (Reiss & Fittkau, 1971) (20-04-2004): Pm 1     7### * 
(22-09-2004): Pm 2 
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Table 5b.3. Chironomidae taxa found in five headwater streams in Serra da Estrela (Portugal) identified using larvae. New records for the Iberian Peninsula, Portugal and Serra da Estrela are 

indicated by ***, ** and *, respectively 

 

  

Sf. Tanypodinae 
 Krenopelopia Fittkau, 1962 (K. nigropunctata in Serra da Estrela (Cobo et al., 2001)). 

*  Larsia Fittkau, 1962 

*** Natarsia [N. punctata (Fabricius, 1805)]  

 Trissopelopia Kieffer, 1923 (T. longimana in Serra da Estrela (Cobo et al., 2001)). 

Sf. Diamesinae 
*  Diamesa Meigen, 1835 (two different larval forms) 

*  Pseudokiefferiella [P. parva (Edwards, 1932)] 

Sf. Prodiamesinae 
*  Prodiamesa olivacea (Meigen 1818) 

Sf. Orthocladiinae 
 Brillia bifida (Kieffer, 1909) (= B. modesta (Meigen, 1830)) 

**  Hydrobaenus Fries, 1830 

*  Limnophyes Eaton, 1875 

*  Orthocladius (O.) gr. rubicundus 

*  Paratrichocladius Santos Abreu, 1918 

*  Pseudorthocladius Goetghebuer, 1932 

** Smittia Holmgreen, 1869 

*  Cricotopus (Isocladius) tricinctus (Meigen, 1818) 

 Chaetocladius Kieffer, 1911 

**  Corynoneura lacustris  Edwards, 1924 

 Corynoneura lobata Edwards, 1924  

 Corynoneura gr. scutellata (C. arctica/scutellata) 

** Heleniella serratosioi Ringe, 1976 

 Krenosmittia Thienemann & Krüger, 1939 

 
When the genus is monotypic in the Western Palearctic region, as for Natarsia, Pseudokiefferiella or Stilocladius, the corresponding species name was assigned in brackets.

*** Psectrocladius (Mesopsectrocladius) [P. (M.) barbatipes Kieffer, 1923] 

*  Psectrocladius (Allopsectrocladius) platypus (Edwards, 1929) 

*  Psectrocladius (Psectrocladius) octomaculatus Wülker, 1956 

**  Orthocladius (Euorthocladius) luteipes Goetghebuer, 1938  

*  Psectrocladius (Allopsectrocladius) obvius (Walker, 1856) 

*  Rheocricotopus (Rheocricotopus) fuscipes (Kieffer, 1909) 

 Rheocricotopus (Rheocricotopus) effusus (Walker, 1856) 

*  Paraphaenocladius pseudirritus Strenzke, 1950 

*  ?Paratanytarsus Thienemann & Bause, 1913 

 Micropsectra ?lindrothi Goetghebuer, 1931 

*  Thienemanniella clavicornis (Kieffer, 1911) 

** Stilocladius [S. montanus Rossaro, 1979] 

**  Thienemanniella vittata (Edwards, 1924)  

**  Tvetenia bavarica (Goetghebuer, 1936) 

*  Tvetenia calvescens (Edwards, 1929) 

 Micropsectra ?junci (Meigen, 1818) 

*  Micropsectra aristata Pinder, 1976 

*  Stempellinella Brundin, 1947 

*  Microtendipes Kieffer, 1913 

**  Paratendipes Kieffer, 1911 

 Chironomus Meigen, 1803 

 Polypedilum Kieffer, 1912 

Sf. Chironominae 
Tribe Chironomini 

Tribe Tanytarsini 
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As Tvetenia duodenaria is recorded for the first time in the Iberian Peninsula, and 

because some morphological differences were found when comparing to data provided from 

other regions, taxonomic remarks about this species were included from the material examined 

in Serra da Estrela. Thus, the observed male genitalia and pupal skins agreed with Lehmann’s 

(1972) descriptions, although the relative length of the thoracic horn filament with respect to the 

base was not as long in the Portuguese material as in the previously described material: 2.54 

times vs. 6, respectively. Langton (com. pers., 2006) found great variability in this species 

character, similarly to other Orthocladiinae species. Thoracic horn base length is 0.34 of the 

thoracic horn total length instead of the expected 0.16-0.19 ratio originally indicated by Langton 

(1991). This ratio fitted better the description of Dratnalia potamophylaxi (Fittkau & Lellak, 1971) 

in Langton’s key (op. cit.), although the tergite I morphology did not agree.  
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The data compiled in this thesis improves the understanding of natural changes 

occurring in streams of the Mondego River basin (MRb) providing information on spatial 

patterns and temporal trends of undisturbed macroinvertebrate communities and answering 

questions within fundamental and applied contexts. Hopefully, these data will also improve the 

understanding of human-induced changes in biodiversity and act as a background to track 

natural macroinvertebrate community changes over time in a country where basin-scale studies 

are just now beginning. Although questions formulated on section Aims and importance of this 

study of the introductory chapter (Chapter 1) were discussed within the scientific papers, 

relatively brief and direct answers to those questions are given here to integrate the results of 

different chapters: 

 

 

1. Is it possible to find relatively undisturbed macroinvertebrate communities in the MRb?  

Given the long lasting anthropogenic impact in Europe it is very difficult to find rivers 

with no or only minimal anthropogenic disturbances (Muhar et al., 2000; Economou, 2002; 

Ehlert et al., 2002; Hering et al., 2003; Nijboer et al., 2004), particularly in the Mediterranean 

region (e.g., Prat & Munné, 2000, Hughes et al., 2007) as further confirmed with the present 

thesis. Most streams of the MRb, especially the large-sized rivers and/or lower reaches, were 

not or only scarcely represented by undisturbed sites (Chapters 2 and 3) due to urban proximity, 

high road density, severe regulation, intensive agriculture and total absence of riparian 

vegetation. From the 52 potentially undisturbed stretches initially chosen after applying very 

broad pressure criteria (Chapter 3), very few sites (six) were selected as near-natural stretches 

after submitted to 10 pre-defined pressure criteria and four biological, habitat- and nutrient-

related validation parameters (Chapter 3). As expected (e.g., Economou, 2002), reference sites 

were found only in small headwater streams located at high altitudes. Based on the 52 sites 

analysed in chapter 3, major changes in the MRb and on its catchment area that might perturb 

rather undisturbed macroinvertebrate communities of this watershed included human altered 
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uses of the land, alien riparian tree species and channel alterations. Pressure criteria 

accounting for changes outside the watercourses were harder to accomplish than criteria 

assessing in-stream parameters. Furthermore, most sites (45 out of 52) failed at least one 

parameter with low restoration potential, which besides the human altered uses of the 

catchment area also include the presence of dams headwaters and bank and bed fixation. This 

may compromise the achievement of good surface water status until 2015 in many areas of the 

MRb. However, those hydromorphological and physico-chemical pressures did not seem to 

have a substantial impact on the macroinvertebrate community (from IBMWP results and taxon 

abundance examination). Although macroinvertebrates are known to integrate multiple effects of 

different stressors (e.g., Bonada et al., 2006a; Verdonschot, 2006) and have shown to be 

sensitive to hydromorphological and catchment pressures (e.g., Roy et al., 2003) it is most likely 

that in the MRb their community structure is more readily modified by near-by changes (e.g., 

dam until a certain distance) or/and by pressures that directly affect in-stream parameters (e.g., 

sewage, dredging).  

 

It is possible, although very difficult, to find streams with no or only minimal 
anthropogenic disturbances. Relatively undisturbed reaches are threatened mainly by 

human altered uses of the land, alien riparian tree species and channel alterations. 

 
 

2. Does the structure of undisturbed macroinvertebrate communities vary spatially across the 

MRb? What are the major environmental gradients influencing the spatial distribution of these 

communities? Are undisturbed macroinvertebrate communities representative of all physical 

river and stream types known to exist in this river basin?  

What environmental variables are responsible for structural and compositional changes 

of macroinvertebrates communities under undisturbed conditions? This question has to be 

answered to assure that bioassessment becomes an useful tool. Only after understanding 

natural environmental gradients and how macroinvertebrates structure their communities under 

the influence of natural conditions can human-induced disturbances be identified and assessed 

using these organisms. Results on chapters 2 and 4 showed that natural changes in spatial 

variation of the structure of macroinvertebrate communities exists across the MRb. Family level 

invertebrate community composition differed among sites within the same season and this 

spatial natural variability in the community structure was related primarily to conductivity, a 

seasonally stable chemical feature resulting from hydrogeology, but also to sediment grain size 

and altitude (Chapter 2). Seasonally, spatial gradients structuring macroinvertebrate 

communities were still primarily related to conductivity although other variables could also 

influence these communities depending on the season (Chapter 2). Furthermore, 
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macroinvertebrate abundance was positively correlated with sediment organic content and 

dissolved oxygen and therefore related to food availability whereas taxon richness was most 

dependent on hydraulic-related parameters since spring (early spring after an uncommonly 

strong winter), channel width, total dissolved solids, chlorophyll a and dissolved oxygen were 

the variables included in the significant regression model that had this metric as dependent 

variable (Chapter 2). When the biological and abiotic data sets were expanded to 31 relatively 

undisturbed sites (regarding the macroinvertebrate community) on chapter 4, that included 8 

sites with temporary characteristics (which dried, had flow cessation or formed isolated pools), a 

correspondence analysis indicated that the variation in macroinvertebrate community structure 

was primarily related to the stream permanence, segregating perennial sites from intermittent 

ones, besides the spatial gradient of altitude and mineralization already identified from the 

previous analyses on chapter 2. Stream intermittency depends on numerous environmental 

factors, from local (e.g., substrate type, infiltration capacity, stream depth) and catchment (e.g., 

discharge, channel width) to regional-scale variables (e.g., climate) and even biological factors 

(e.g., riparian wood) (Williams, 1987). That is why the macroinvertebrate community, in near-

natural conditions in the MRb, appears to be regulated through a diversity of factors operating at 

both local and larger spatial scales but also influenced by temporal variation (addressed on the 

answer to question 3). A multitude of environmental factors expected to influence the 

macroinvertebrate and other biological communities was summarized into the WFD System-B 

typology elaborated by Alves et al. (2004) for continental Portugal. In the present study, near-

natural stretches (REF and PREF, see chapter 3), and consequently near-natural invertebrate 

communities, were found only for three of the 13 river or stream types defined for the MRb 

according to WFD System-B typology previously referred. Additionally, four types were 

represented by BAEP stretches, i.e. stretches with high biological status that are under the 

indirect influence of major alterations, either hydromorphological and/or others, for which the 

achievement of environmental objectives would be infeasible without injuring vital human uses 

or incurring disproportionate expenses. As expected, the six missing reference situations 

correspond to the larger-sized river types (see answer to question 1). Spatial variation was 

further confirmed with the significant discriminant analysis on chapter 4 that found differences 

between undisturbed macroinvertebrate community structures of these pre-determined physical 

types. 

 

The structure of undisturbed macroinvertebrate communities varied spatially across the 

MRb and was related primarily to hydrogeology, but also to sediment grain size and 
altitude. Macroinvertebrate communities of the MRb intermittent streams were clearly 
separated from those of perennial streams. Near-natural invertebrate communities were 
found only for three of the 13 WFD System-B stream types defined by Alves et al. (2004).  
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3. Do temporal variations of the environmental conditions influence the structure of undisturbed 

macroinvertebrate communities in the MRb?  

Macroinvertebrate communities of streams under the influence of Mediterranean-type 

climate are expected to show large temporal variations (Gasith & Resh, 1999; Pires et al., 2000; 

Bonada et al., 2006b). Nevertheless, the Mediterranean influence vanishes from South to North 

of Portugal and from the Atlantic Ocean to the interior (Ribeiro, 1989). Thus, although this 

seasonal variation could be anticipated since the MRb is under the influence of Mediterranean-

type climate, it had not yet been shown for streams of the central region of Portugal. The 

invertebrate structural pattern found here is more similar to those of other Mediterranean rivers 

(e.g., Rossaro & Pietrangelo, 1993; Bonada et al., 2007) rather than those in northern 

temperate Portuguese rivers, where seasonality is not as evident (Cortes, 1992). Among-

season variations in invertebrate communities were related to current speed, channel width and 

dissolved oxygen, which fluctuate along the year in response to climatic and hydrological 

conditions (Chapter 2). Differences detected between community structure across seasons 

resulted from the presence of taxa unique to individual seasons. Family level invertebrate 

community composition (from SIMPER on Chapter 2) and taxon richness differed among 

seasons, the last being significantly lower during early spring (from multiple regression on 

Chapter 2). When exclusive seasonal taxa were removed from the ordination analyses 

(canonical correspondence analyses on chapter 2), differences on macroinvertebrate 

community structure among-seasons were still detected probably related to relative taxa 

abundance differences. The correspondence analysis diagram on chapter 4 reinforces this 

result for perennial streams, since it also shows a seasonal variation of the macroinvertebrate 

community structure between summer and spring of the same year (2002) and of different years 

(spring 2004). Another seasonal characteristic of some streams in the MRb already mentioned 

in previous answers is intermittency. Stream intermittency exists as a result of the 

Mediterranean-type climate tightened with habitat physical characteristics (e.g., sediment type, 

infiltration capacity) which influence discharge and water permanence and result in 

heterogeneous macroinvertebrate community structures (Chapters 4 and 5).  

 

Seasonal variations of the environmental conditions (e.g., current speed, dissolved 

oxygen) influence the structure of undisturbed macroinvertebrate communities in the 
MRb, and this temporal variation is more similar to that in other Mediterranean streams 

rather than that in northern temperate Portuguese rivers, where seasonality is not as 
evident. 
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4. Which environmental variables are responsible for the invertebrate spatial pattern of 

distribution in temporary streams? Do flow variation and the length of the dry period influence 

macroinvertebrate abundance, taxon richness and community structure? 

High altitude intermittent streams in Serra da Estrela, relatively close to each other 

(similar climatic and geological conditions) but differing in several characteristics (e.g., length of 

the dry period, sediment type, vegetation cover), were surveyed on six occasions in a period 

free of snow (Chapter 5). Sites were classified according to the temporal flow regime as [1] 

never dry although forming pools (Stream 3), [2] dry for less than 3 months (Streams 1 and 2) 

and [3] dry for at least three months (Streams 4 and 5). The environmental gradient that 

spatially structured these macroinvertebrate communities was related to discharge conditions 

(channel width). Streams with lower discharge and that in fact had a totally dry period, were 

clearly separated along the first ordination axis of canonical correspondence analyses (CCA) 

from the stretch that was never totally dry, with pools lasting over summer. Besides the distinct 

community structure, stream 3 also showed the highest taxon richness, diversity, EPT and OCH 

genus richness and the greatest number of exclusive and characteristic taxa identified by the 

Indicator Value. No major spatial environmental gradient (in CCA) was responsible for 

differences found among streams that were totally dry for different duration periods. These 

differences were particularly related to the recolonization period. Streams (4 and 5) with a 

longer dry period had a distinct recolonization community, while streams that dried for less than 

3 months had similar benthic community structures even after the drought (although different 

among them). The absence of solid rock substrata in streams that dried for a longer period 

probably enabled the recolonization from the hyporheos by some stonefly species such as 

Nemoura sp. (Williams, 1987) and chironomid species such as Krenosmittia sp. (Ferrington, 

1984). Thus, streams that dry completely seem to have particularly different community 

structures from that having pools during summer and the former have distinct community 

structures due to differences in sediment types allowing a specific kind of recolonization (from 

the hyporheos). However, community structures in streams that were completely dry do not 

seem to be related to the duration of the drought (which might be related to vegetation and 

sediment type, slope, etc.) since the CCA diagrams show streams with different dry period 

length presenting closer communities structures (streams 2 and 5). No statistical differences 

were found for abundance and taxon richness among connected pools, isolated pools and flow 

conditions, independently of the stream, or when all pools were considered as a single category. 

However, over time, the highest abundances found in these systems were related to flow 

variations. The first and larger peak occurred in late spring as flow diminished and the second in 

autumn when flow stabilized after the first heavy rains. These were expected results since 

increasing food availability (detritus) during the flow reduction (or stabilization) can lead to a 

considerable increase in invertebrate abundance (Boulton & Lake, 1992; Acuña et al., 2005). 

Also, a high turnover rate of invertebrate species was observed between sampling occasions 
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and maximum genus richness occurred in the connected pools or in isolated pools shortly after 

flow stopped, possibly indicating a migration from riffles to pools (e.g., Boulton & Lake, 1992; 

Bonada et al., 2006b) or/ and an increase in habitat heterogeneity by detritus cover (Acuña et 

al., 2005). 

 

The environmental gradient that spatially structured macroinvertebrate communities of 

high altitude streams of the MRb was related to discharge conditions. Streams that had a 
completely dry period showed different community structures from that with pools 
lasting over summer and the former systems had distinct community structures due to 

differences in substrata types allowing a specific kind of recolonization (from the 
hyporheos). Thus, the invertebrate community structure in streams that dried completely 

was not related to the magnitude of the drought. Over time, the highest invertebrate 
abundances found in these systems were related to flow variation and a high turnover 

rate of invertebrate species was observed with maximum genus richness occurring 
shortly after flow stopped. 

 

 

5. What criteria (pre-defined criteria for human-induced disturbance versus biotic/abiotic data 

survey) should be used to select undisturbed stream reaches? 

The assessment of aquatic ecosystems integrity should no longer be based on 

subjective criteria but reference sites must fulfil specific operational criteria that easily indicate 

the absence of exposure to stressors (Bailey et al., 2004). Identification of reference sites 

requires suitable methods and biological assessment is often needed to validate the preliminary 

selection of a site, since some forms of disturbance are neither readily visible, nor detectable 

with the common screening methods used (Hering et al., 2003; Nijboer et al., 2004). However, 

the use of pre-defined pressure criteria with simultaneous biological validation increases costs 

and efforts since it requires the collection of field data. In fact, screening of reference sites with 

pressure criteria and only applying validation criteria to sites fulfilling all pressure criteria would 

be more cost-effective and still correct since the reference community is defined as the 

biological community expected to occur where there is no or only very minor anthropogenic 

disturbance (Wallin et al., 2003). On chapter 3 the use of 10 pre-defined criteria for human-

induced disturbance (selection process) versus the collection and measurement of biotic/abiotic 

data (validation process) were tested to see if they could be used separately to choose 

undisturbed stream reaches, thus selecting the same stretches. After applying the 10 pressure 

criteria (social/physical/biological), macroinvertebrate, riparian wood and abiotic information 

collected at each site were used to confirm if the site had a near-natural status according to pre-
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defined thresholds established for these validation parameters. The selection and validation 

procedures gave similar results, as illustrated by the Friedman test (Chapter 3), but the 

selection and validation procedures can identify different sites as references. At least one site 

fulfilled all predefined pressure criteria but failed in validation criteria and, on the other hand, 

sites failing some pressure criteria accomplished all validation criteria. This kind of observations 

led to the conclusion that there were some human impacts not considered or detected using the 

selection criteria and, simultaneously, there were some disturbances with negligible effect on 

the biota. None of these procedures is self-sufficient as they chose different sites, and these 

should therefore be used together. 

 

The 10 pre-defined pressure criteria and the field biotic and abiotic measurements 

identified different reaches as near-natural sites and should therefore be used together. 

 

 

6. Does different taxonomic resolution substantially change the information extracted from the 

macroinvertebrate community? 

Normally it is accepted that the identification of macroinvertebrates to family level 

resolution is adequate for assessment programs while more detailed identification (genus or 

species level) should be performed for conservation purposes (see Bailey et al., 2001). In the 

present thesis, the information obtained from studying the invertebrate community seems to 

change with the resolution level used in taxonomic identification depending on the investigated 

subject and the freshwater system under discussion. The comparison among three different 

levels of taxonomic identification (genus, family and order) in intermittent streams (Chapter 5) 

indicated that the choice of taxonomic resolution did not seem critical in identifying 

environmental gradients and in pointing streams with the highest macroinvertebrate richness 

and diversity. Multivariate analyses often show that equivalent results are obtained from family-

level analysis compared to analyses at genus/species-level (e.g., Hawkins et al., 2000; Bailey et 

al., 2001). This result is not always exact since the elimination of rare taxa may result in an 

artificial condensation of the data back to higher taxonomical levels (Lenat & Resh, 2001). In the 

present analyses (canonical correspondence analyses- CCA), no taxa removal was performed. 

Although the environmental gradient driving communities’ spatial variation was the same 

independently of the level of identification, slightly different descriptions of community structure 

were found when using order and family/genus resolution (in CCA). Nonetheless, these results 

were obtained from high altitude intermittent streams, known to have considerably lower taxon 

richness than perennial systems at lower altitude (Williams, 1987; Maiolini & Lencioni, 2001). 

When considering MRb perennial stream sites at lower altitude, family level information 

 185



Final remarks 

substantially improved order level data concerning taxa seasonal and spatial turnover (Chapter 

2), showing differences among seasons and among sites within the same season that were 

hidden by lack of resolution. Also, the value of a taxon as characteristic of a location (Indicator 

Value) varied considerably with the taxonomic level (Chapter 5). A macroinvertebrate order 

could be characteristic of a site but by enclosing so many families and genera that occurred on 

different occasions none of these lower-resolution taxa were characteristic of that site. On the 

other hand, some particular families or genera might be characteristic of a specific site although 

the order level was not site-characteristic due to high dispersion among streams. On chapter 4 

the family-level was sufficient to discriminate stream-types, but insufficient to establish a strong 

number of type-specific indicator taxa or to show taxon richness differences among stream 

types. If species-level had been used instead of family-level resolution it is possible that more 

indicator taxa and differences in taxon richness among stream types would have been found 

(see Feio et al., 2005). Questions regarding taxonomic sufficiency have been discussed for 

more than 30 years (e.g., Resh & Unzicker, 1975) and currently remain hard to generalize. 

Nevertheless, macroinvertebrate community should be analysed using different taxonomic 

levels depending on the purpose of the study but mainly depending on the systems under study 

(and/or scale of the study). 

 

Information obtained from studying the macroinvertebrate community may or may not 

change with the level of taxonomic resolution used depending on the purpose of the 
study but essentially on the type (particularities) of the freshwater system investigated. 

 

 

7. What is the best occasion for sampling macroinvertebrate communities to assess stream 

ecological quality in the MRb?  

Macroinvertebrate communities of the MRb evidenced a marked seasonality when 

sampled during three different campaigns along the year (summer, autumn and spring) as 

shown by the canonical correspondence analysis ordination diagram (Figure 2.4a) on chapter 2. 

This was an expected result since the MRb is located in a Mediterranean-type climate. For this 

same reason, the sampling campaign that should had taken place during winter was not 

performed due to severe flooding and/or high current speed at all sampling sites. Nevertheless, 

the displacement of benthic organisms due to flooding is well-known (e.g., Quinn & Hickey, 

1990) and the winter period would have never been selected as the most appropriate occasion 

for sampling macroinvertebrate communities to assess stream ecological quality. Ideally, 

sampling campaigns should take place during all other three seasons (and more than once 

within each season), integrating information collected under different hydrological 
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characteristics. However, macroinvertebrate sampling and identification are expensive 

procedures (time, costs and efforts). From chapter 2 it is concluded that early spring campaigns 

are still under the influence of wet winters, probably resulting in an under-estimation of taxon 

richness due to displacement effects. Late summer or autumn campaigns might result in a poor 

spatial cover of the region of interest since many streams dry during the summer (July and 

August are the hottest and driest months according to Lima and Lima (2002)) and remain dry 

during autumn until the first rains (highly variable). Waiting for the beginning of the rainy season 

(autumn or later) might irremediably delay the work. Hence, late spring or early summer is 

considered the best occasion for a single macroinvertebrate sampling campaign, when 

communities are no longer subjected to high flows but yet not influenced by water depletion. 

Reinforcing this fact, and contrarily to what would be expected, nutrient criteria were more 

limiting during late spring than summer (Chapter 3). This might be due to agriculture use in the 

MRb catchment area and consequent agriculture chemicals runoff into aquatic systems during 

the rainy season. Besides presenting the water physico-chemical most limiting condition, late 

spring is also a biologically optimal sampling season since initial recruitments already occurred 

(Barbour et al., 1996; Barbour et al., 1999). Furthermore, if for some reason, the sampling 

period has to be slightly extended into summer that might not be a major problem. As an 

example, results on chapter 3 did not differ substantially between spring and summer.  

 

Ideally, sampling campaigns should take place during spring, summer and autumn (and 
more than once within each season), integrating information collected under different 

hydrological characteristics. The best occasion for a single macroinvertebrate sampling 
campaign is late spring with no major problems expected if it had to be slightly extended 

into summer. 

 

 

8. Are physical stream types (WFD- System B) biologically relevant? 

Problems with interpreting the natural geographical and temporal variability of data may 

be minimized by defining the river and stream types. In Portugal, no attempts were made to 

define a national river typology before the Water Framework Directive (Noble & Cowx, 2002). 

However, top-down approaches such as WFD typology systems are unlikely to have much 

ecological value unless extensive a priori knowledge about environmental factors shaping 

biological patterns is available for the region of interest or unless they can be a posteriori 

reliably related to biological patterns. Thus, regardless of the system used, it is necessary to 

validate stream-types as biologically meaningful to be confident that if degradation is present 

then it will be detected and also that degradation would not be erroneously identified while not 

 187



Final remarks 

there. Results from a bottom-up or the validation of a top-down typology scheme should be 

always based on near-natural biotic data. From the 13 physical stream types (WFD System-B) 

existing in the MRb, according to Alves et al. (2004), only six were biologically analysed and 

compared on chapter 4 due to lack of undisturbed macroinvertebrate conditions for the 

remaining. Nonetheless, these stream types correspond to 38% of river water bodies at national 

level (Alves et al., 2004). The studied stream types seem to be biologically distinct from each 

other based on a significant discriminant analysis (DA) model using macroinvertebrate family 

level composition. However, this biological significance was questioned since [1] 

macroinvertebrate communities of pre-defined stream types largely overlapped in a 

correspondence analysis (CA), possibly because environmental factors related to stream-size 

and known to partly shape de MRb macroinvertebrate communities (Chapter 2) were not 

considered in the present typology, [2] only a low number of indicator taxa (indicator value 

method) was found for each stream type, [3] no significant taxon richness and total abundance 

differences were found among stream types and [4] many taxa were common to all stream 

types or only sporadically occurring in a given site. Furthermore, DA cross-validation and CA 

results suggested that the tested physical types do not account for the effects of natural 

temporal changes (seasonal and interannual) and disturbances (intermittency-droughts) known 

to occur on macroinvertebrate communities of this river basin. Temporary streams seemed to 

complicate the validation of stream types since these streams show wide variation of the 

macroinvertebrate communities because several abiotic and also biotic variables can cause 

intermittency. Thus, intermittent streams were present in at least 5 different stream types of the 

MRb. In the present case, if assessment systems are going to be derived from these physical 

stream types, they should probably be related to variations in the proportion of some specific 

taxa rather than on metrics such as presence/absence of specific taxa or taxon richness since 

these do not vary among stream types. Finally, a typology optimized for one taxon group (e.g., 

macroinvertebrates) is unlikely to explain adequately the variance in other taxon groups (e.g., 

fish), and the relatively simple map-based variables proposed by the WFD are not necessarily 

the best predictors of all taxon groups (Hatton-Ellis, 2008).  

 

The tested typology showed some efficiency in segregating macroinvertebrate 

communities of different stream types with significant differences. However, it should be 
improved to incorporate temporal variations (e.g., seasonal, intermittency). 
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9. Is it possible to expect invertebrate community changes based on predictions for climate 

change? 

On chapter 5, the macroinvertebrate community of five high altitude intermittent streams 

was analysed. These streams are amongst the most vulnerable systems to climate change in 

Europe and expected alterations can be particularly visible since no other human changes 

seem to affect these watercourses. Although it might not make many sense to undertake 

financial efforts to establish type specific reference conditions of these systems (in the WFD 

context) since it is very unlikely that these small streams experience strong human-disturbances 

or might become useful as comparisons to other similar but disturbed systems in Portugal, it 

would be imperative to follow their changes in the global climate change context. The study on 

chapter 5 allowed formulating a hypothesis concerning this issue. If predictions are true, warmer 

winters, with increasing rain but decreasing snow deposition, and drier summers are expected 

for high mountain scenarios. A consequent increase in winter discharge (first seasonal 

discharge peak) but a reduction in stream spring and summer flows will probably occur since 

summers will be drier but specially because the snow pack will not be formed during winter and 

therefore will not melt during spring disrupting the formation of the second seasonal discharge 

peak. Furthermore, in the future, predictable seasonal droughts, typical from Mediterranean-

type climate, may be transformed into supra-seasonal droughts leading to disturbances that 

increase in strength with time (see Lake, 2003). The duration of the dry period will consequently 

increase. High altitude streams that totally dry (no pools lasting over summer) had lower 

macroinvertebrate taxon richness, diversity, EPT and OCH genus richness, fewer exclusive and 

characteristic taxa than streams that maintain pools over summer as seen on chapter 5. Thus, a 

decline in the freshwater macroinvertebrate biodiversity is expected for high altitude intermittent 

streams based on predictions for climate change. Nevertheless, it is important to obtain 

consistent pre-impact long-term data sets in order to incorporate the natural variability of these 

systems and accurately predict the ecological consequences of future climate changes in high 

altitude scenarios.  

 

Yes, at least in what concerns a decline in the freshwater macroinvertebrate biodiversity 
in high altitude intermittent streams. 

 

 

10. Do poorly studied areas of the MRb enclose new invertebrate species for the Portuguese 

fauna? 

A relatively small field effort (22 samples) in a poorly surveyed region of the MRb (5 

high altitude streams of Serra da Estrela) resulted in the identification of more than 100 

invertebrate genera (Chapter 5). Forty-two genera belong to the Chironomidae, an insect family 
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poorly studied in Portugal, doubling the previously established chironomid species richness for 

the Serra da Estrela region. These detections represent 17 new records (including three new 

genera cites: Hydrobaenus, Smittia, and Paratendipes), which represent an upgrade to 219 

species for the continental Portugal Chironomidae fauna. Two new records were found for the 

Iberian Peninsula: [1] one species, Tvetenia duodenaria, and [2] one subgenus, Psectrocladius 

(Mesopsectrocladius). Also, the presence of the genus Natarsia was confirmed for the Iberian 

Peninsula since it had already been cited in 1909 and posterior references were just citations of 

this same old and unique source of information. Quality and availability of data concerning 

macroinvertebrate communities are strongly linked to taxonomy difficulties. Good estimates of 

diversity, which are getting increasing attention since they are fundamental for assessing human 

impacts but also to successfully restore their natural structural and functional integrity, must be 

supported by good taxonomy. However, no priority is given to taxonomic knowledge or on 

educating taxonomists.  

 

A relatively small field effort in a poorly surveyed region of the MRb resulted in 17 new 

records for the Chironomidae fauna of continental Portugal, including three new genera 
for Portugal and two new records for the Iberian Peninsula. 

 

 

 

Major conclusions and achievements 

The major conclusions and achievements of this thesis can be summarised as follows: 

A. conclusions 

- roughly undisturbed macroinvertebrate communities of the MRb strongly vary both 
spatially and temporally, being regulated through a multiplicity of factors operating at 

local [substrate type and hydraulic conditions (current speed, dissolved oxygen)] and 

larger spatial scales [streambed geology (inferred by conductivity), altitude and channel 

width]. 

- seasonal variation of relatively undisturbed macroinvertebrate communities is more 

similar to that of other Mediterranean streams rather than that in northern 
temperate Portuguese streams, where seasonality is not as evident.  

- late spring (and early summer) was identified as the best occasion for a single 
macroinvertebrate sampling campaign for monitoring purposes. Ideally, sampling 
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should be performed during all seasons due to strong seasonal variation of the 

macroinvertebrate communities. 

- pre-defined pressure criteria and field biotic and abiotic measurements should be used 

together since they identified different reaches as near-natural sites. 

- physical stream types, based on the WFD system-B national typology, are 

biologically meaningful (for benthic invertebrates). However, spatial and temporal 

heterogeneity of abiotic conditions might hinder bioassessment since temporal 

variations and intermittency seem hard to incorporate in typology results. 

- loss of macroinvertebrate biodiversity is expected in high altitude intermittent 

streams based on climate change predictions. 

 

B. achievements 

- a protocol to help selecting near-natural sites was developed and tested. 

- first consistent data on freshwater macroinvertebrate communities of high 
altitude intermittent streams was obtained indicating chironomids as the dominant 

taxon for abundance and taxon richness. 

- new chironomid species records were found for continental Portugal and Iberian 

Peninsula from poorly surveyed areas of the MRb.  

 

 

Future directions 

Although the present study represents a step towards the understanding of spatio-

temporal dynamics of undisturbed freshwater macroinvertebrate communities and their 

implication in several applied issues, it has also highlighted some fundamental “future needs” to 

help developing management and biomonitoring tools for stream assessment, such as: 

- The need for long term studies – especially concerning pre-impact data to better 

defined patterns of natural seasonal changes in the macroinvertebrate communities and 

to understand supra seasonal changes in general, not addressed on this study. This is 

an essential step to accurately differentiate between natural and human-induced 

changes and to address climate change-related questions. 

- The need for more information concerning intermittent streams - since results 

obtained, although scarce, but in coherence with previous studies, showed high 

heterogeneity of macroinvertebrate communities with no obvious underlying pattern. 
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Furthermore, in Portugal only very recently intermittent streams are getting some 

attention and the duration of the studies is to short too understand drought recovery 

(see Bond et al., 2008)  

- The need for molecular studies to solve and complement lack of taxonomical 
knowledge - and to facilitate the use of biological groups with “obscure” taxonomy in 

assessing stream condition since some freshwater systems are strongly dominated by 

chironomids (such as high altitude intermittent streams or insular streams), presenting 

low family diversity and consequently hindering bioassessment using family level 

resolution.  

- The need to cross-link reference conditions and climate change – since alterations 

related to climate change are expected for all freshwater macroinvertebrate 

communities; and reference conditions as a target against which to measure human 

impact should not be static but should evolve with other unavoidable changes, 

otherwise bioassessment becomes unfeasible.  
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