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Thesis abstract 

 

Agriculture-induced habitat degradation and loss together with changes in climate 

patterns are among the greatest global threats to species, communities, and ecosystem 

functioning. Biota inhabiting agricultural wetlands in many arid and semiarid regions 

have been subject to increasing isolation and decreased quality of their habitats. As well 

as having to withstand severe climatic variations they are often exposed to sudden 

changes in land-use, flooding-drying regime and agrochemicals, all these affecting major 

life-history traits such as growth, reproduction, and survival.  

Advancing our understanding on how organisms cope and adapt to environmental 

variations lies at the core of ecology and evolutionary biology. This has become 

especially relevant in the light of increased human-induced environmental change as a 

major threat to global biodiversity. When predicting species‟ responses to environmental 

degradation it is crucial to consider spatial patterns of local adaptation and population 

dynamics at different regional and geographical scales. 

This thesis stemmed out of the need to shed light on major biological and 

ecological processes in agricultural waterbodies of arid landscapes, as well as to quantify 

biota capacity to reflect the magnitude of environmental stress in these ecosystems. For 

this I assessed the degree of influence a number of environmental factors have on 

morphological development and species-habitat relationships in aquatic invertebrate and 

vertebrate predators at several spatial and temporal scales. The study was carried out in 

central Monegros, an arid area in NE Spain. During the last six decades this region has 

experienced radical landscape transformation and degradation due to intensive 

agriculture, including increased soil salinity, erosion and agrochemical pollution.  

The work is divided into two major sections. In the first section I analyzed the 

population dynamics of three ubiquitous predatory aquatic beetles (Hydroglyphus 

pusillus, Laccophilus minutus and Rhantus suturalis) in relationship with environmental 

factors. Furthermore I assessed their developmental instability, as reflected in traits 

fluctuating asymmetry (FA) (small random deviations from symmetry of bilateral traits) 

and their trace element uptake and bioindication capacity. The second section regarded 

the developmental instability of amphibian (Pelophylax perezi) populations at different 

developmental stages, together with an overview of species feeding ecology.  

The results indicated that drought, an important factor for temporary ponds, local 

climatic variations, habitat characteristics and species life cycles were the major drivers 

of aquatic beetles‟ community dynamics. The response to climatic factors (i.e. ultraviolet-

B radiation and precipitations) was species-specific, likely due to differences in their life 

histories. Hydroperiod and habitat permanence, as well as vegetation cover and type were 

the main habitat determinants of beetle distribution.  

Dytiscid beetles showed a fairly good capacity to bioindicate trace elements in the 

environment. While this ability varied with species, R. suturalis was the most sensitive to 

reflect agricultural pollution in Monegros. 

In terms of body developmental stability the results revealed that it changed 

among beetle species, traits, and habitats. Paddy populations generally experienced a 

higher FA than those from reservoirs. A number of natural (e.g. aquatic and emergent 

vegetation) and anthropogenic (e.g. land-use and road proximity) factors were linked to 

high asymmetry levels. However landscape heterogeneity, such as the proximity of 

irrigated land, was associated with a low FA suggesting that it may contribute to an 

increased persistence of predatory aquatic beetles in agricultural landscapes. On the other



 

  

viii 

hand, reservoir populations reflected better background climatic factors such as mean 

precipitation and frequencies of rain, glitter, and freezing days.  

Correlation patterns occurred between multiple traits FA in distinct populations of 

H. pusillus according to trait functionality and structural complexity. Highly functional 

and complex traits such as elytra and legs exhibited lower level of FA than other 

morphological traits and were also significantly correlated. Moreover, neighbor segments 

such as femur and tibia were more correlated than distanced ones. An analysis of traits 

concordance revealed an individual and population asymmetry patterns. It indicates that 

individuals have a common genetic background, and a general ability to buffer stress 

incurred during development, by mechanisms which should be further investigated. 

 

Among vertebrates, amphibians are one of the most endangered groups due to 

agriculture intensification. As key players of ecosystem function, amphibians are 

important sentinels of its integrity. The second part of the thesis revealed that the Iberian 

frog, P. perezi, is a generalist predator that uses the food resources available in the 

environment regardless of prey size or type. This foraging behavior may have helped it to 

thrive in the irrigated areas. Some basic phenotypic indicators such as body size and mass 

failed to detect stress in amphibian populations. Despite of an increased body condition in 

paddy environment, the frogs experienced a high level of FA as reflected by their skeletal 

traits. This indicates that a catch-up growth of these populations may actually enhance 

developmental errors. These findings imply that fluctuating asymmetry is a valuable tool 

to identify amphibians under stress in landscapes converted to agriculture.  

One major conclusion of this thesis is that multiple trait FA of aquatic invertebrate 

and vertebrate predators can reliably predict environmental stressed populations in 

habitats with different level of management. Several climatic factors also appeared to 

play a significant role in the developmental stability of these organisms. These could be 

important determinants of species survival in constantly changing environments. Despite 

of species vulnerability to many habitat constraints, heterogeneous irrigated landscapes 

can however lower the risk of regional population declines under weather perturbations. 

Invertebrate and vertebrate predator populations can apparently adapt well to these 

environments by dispersal and appropriate feeding strategies, but their persistence in 

these landscapes over time is uncertain.  

 

 

Key words: Monegros, arid region, irrigation, rice fields, aquatic predators, Dytiscidae, 

amphibians, developmental instability, fluctuating asymmetry, habitat use, environmental 

stress
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1.1. The importance of studying Monegros 

Arid and semiarid regions are extreme environments, where natural systems are 

sensitive to human and natural factors. Land degradation in these areas involves complex 

connections and feedbacks between human society and biogeochemical and ecological 

processes in soils and water. Uncertainties in habitat and landscape conditions have the 

potential to shape life history strategies and determine species adaptation. For instance, 

macroinvertebrates inhabiting waterbodies in agricultural landscapes of arid areas can 

develop a series of particular attributes such as small size, multivoltinism, short-life span, 

asexual reproduction, diapauses and ovoviviparity, which can help them survive (Mellado 

Díaz et al., 2008). Moreover, many of biota lives here close to their limits of tolerance for 

one or more environmental variables (Whitford, 2002).  

Monegros is one of the most arid regions of Europe, located in the Ebro river 

basin (Fig. 1.1). It shelters a unique ecosystem in Europe that supports many endemic 

species and organisms of high biogeographical interest (Suaréz et al., 1992). This area has 

been identified as being particularly vulnerable to human and climate-induced land 

degradation (Macklin et al., 1994). An extensive land conversion to agriculture in the 

early 1960s clearly benefited the local economy. Rice cultivation (about 45909 ha by 

2008) provides many ecosystem services in the area. However, rice fields may not only 

act as source of biodiversity, but also as sink for many species. Therefore, in many cases 

the benefit is connected to a certain cost of decreased biodiversity despite of a productive 

agriculture (Mañosa, 1997).  

Moreover a major effect of irrigation is land transformation, i.e. construction of 

irrigation channels, modification of land topography for leveling (irrigation by flooding) 

or soil softening and the installation of spraying or dripping sources, and construction of 

drainage network for agricultural waste water. Nowadays large areas in this region are 

characterized by landscape homogeneity, soils erosion and salinity, water pollution due to 

intensive use of fertilizers and pesticides, and reduced biodiversity (Causapé et al., 2004; 

Moreno-Mateos, 2008). While previous studies have attempted to quantify the effects of 

agricultural intensification on soil and water resources in Monegros (Moreno-Mateos, 

2008; Martín-Queller et al., 2010), the impact of land conversion on biota has not yet 

been evaluated.  
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Fig. 1.1. Location of Monegros region with study area (red square). 

 

 

1.2 Temporary aquatic ecosystems  

One of the most common aquatic ecosystems created by irrigations in Monegros 

are rice paddies (temporary wetlands) and water storage ponds used to supply rice fields 

when irrigation water from main canals is in shortage (Fig. 1.2). Storage ponds (hereafter 

called reservoirs) lay on the top of mesetas (geomorphic features characteristic to 

Monegros) while paddies on valley floors. This type of artificial waterbodies are known 

to provide habitats for many aquatic plants (Oertli et al., 2002), invertebrates (Kadoya et 

al., 2004) and vertebrate fauna such as fish, amphibians and water-birds (Hazell et al., 

2001; Tourenq et al., 2001; Sánchez-Zapata et al., 2005). These ecosystems generally 

play an important role in maintaining and controlling the environmental quality and 

sustaining the local biodiversity in arid landscapes (Schmid et al., 2006). They harbor a 

rich biological diversity maintained by rapid colonization, reproduction and growth of 

organisms (Fernando 1995, 1996).  

Paddies together with their contiguous aquatic and dry habitats comprise a rich 

mosaic of rapidly changing ecotones (i.e. transient zones between contrasting 

environments). Yet they have to withstand extreme environmental changes such as wet-

to-dry periods, and are especially vulnerable to human-induced degradation influencing 

the delicate balance between land and water processes (Schmid et al., 2006). The main 

factors that significantly alter the ecological functioning of these ecosystems are linked 

with intensive agricultural practices, e.g. land management, flooding and agrochemical 

input.  

Habitat fragmentation and alteration are important consequences of land 

transformation by irrigations. Consequently agricultural intensification has negatively 

impacted species diversity and abundance of many farmland animal communities such as 
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insects (Wickramasinghe et al., 2004), amphibians (Beja and Alcazar, 2003), and birds 

(Murphy, 2003). These artificial aquatic ecosystems are therefore ideal to investigate the 

impact of environmental factors on aquatic organisms. 

 

 

 
Fig. 1.2. Types of aquatic habitats in Monegros: (a), (b) reservoirs; (c), (d), (e) rice fields 

before, after flooding and during rice growth. 

 

 

1.3 Predatory community in temporary ponds 

Aquatic beetles  

Predatory aquatic beetles (Dytiscidae) constitute a large part of the 

macroinvertebrate biodiversity in small waterbodies, where they are among the first 

colonizers due to their good flight ability (Lundkvist et al., 2001). Their communities are 

structured according to habitat characteristics such as permanence, degree of shading, site 

age, and successional stage of the wetland (Lundkvist et al., 2001). It is known that 

agricultural landscape with features such as complex vegetation and short distances 

between wetlands attract a rich diversity of dytiscids (Lundkvist et al., 2002). However, 

species-habitat relationships in these areas are still to be fully appreciated. 

A major important feature of dytiscid beetles is that they are one of the most 

useful groups for ranking aquatic habitats in relation to their conservation value due to 

their high biological and ecological diversity (Sánchez-Fernández et al., 2004). Their 

morphological and physiological characteristics made possible their adaptation to a large 

variety of aquatic habitats.  
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In the field of ecological assessment, they have been used successfully as 

bioindicators of water pollution and acidification (Ribera and Foster, 1992). Benetti and 

Fiorentin (2003) determined that beetles of genus Laccophilius are very useful to 

characterize clean, polluted and semipoluted/restored waters. 

Moreover, dytiscids are a group of interest from an economic point of view. They 

(e.g. Agabus, Ilybius Rhantus and Hydroglyphus) have been described as promising 

bioregulators of mosquito populations (Lundkvist et al., 2003; Schäfer et al., 2006). They 

have an ecological superiority in the field of bioregulators comparatively with fishes 

because they can disperse and colonize new created aquatic habitats (Lundkvist et al., 

2003; Schäfer et al., 2006). It was shown that when predator communities are preserved 

in rice fields, through minimizing pesticide use, the impact of pests is reduced (Settle et 

al., 1996). 

Despite of their important ecological and conservation role there is insufficient 

knowledge of their response to habitat stress in artificial wetlands from arid and semi-arid 

regions. 

 

Amphibians 

In arid landscapes where natural wetlands are scarce agricultural ponds represent 

significant breeding, rearing, foraging and over-wintering habitat for vertebrate predators 

such as amphibians (Herzon and Helenius, 2008). Iberian green frog, Pelophylax perezi, 

is a highly aquatic anuran close related to rice cultivation in Monegros (Burghelea et al., 

2010). In this habitat, frogs are generally exposed to large variations in water regime, 

flooding and agrichemicals, which can negatively affect their populations (Mann et al., 

2009). A deterioration of water quality has been shown to affect trophic structuring in the 

aquatic environment, and ultimately the growth and survival of amphibian larvae (Boone 

and Semlitsch, 2001). Many malformations have been reported to occur in amphibians 

from agricultural areas where pesticides and fertilizers are applied extensively (Taylor et 

al., 2005). Moreover, agricultural chemicals can reduce immunocompetence, mobility, 

and survival of larvae (Bridges and Semlitsch, 2000). 

Landscape cultivation can also alter amphibian demographics and dynamics, and 

decrease body size (Gray, 2002). Likewise a reduced genetic diversity and fitness in frogs 

has been associated with agriculture-induced habitat fragmentation (Johansson et al., 

2007). Amphibians are therefore sensitive sentinels of human-induced environmental 

changes (Piha et al., 2007), fact which triggered their recent global decline (Reading, 

2007).  

 

Both aquatic beetles and amphibians are key organisms with great ecological 

relevance for agricultural wetlands. They are potentially good indicators of environmental 

change due to a series of characteristics including relatively long life cycle, presence 

throughout the year, top position in the food-webs and sensitivity to habitat 

characteristics. Understanding how these communities respond to anthropogenic-related 

stressors is of great interest for ecologists, conservation biologists and land-managers. 
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Moreover, environmental monitoring needs more effective methods and bioindicators to 

be applied. 

 

1.4 Species-environment interactions 

In order to understand species response to fluctuating environments of agricultural 

ponds, it is essential to study their habitat use and their relationships with environmental 

factors at landscape and habitat scales. Habitat resources and conditions, which vary in 

space and time, determine the colonization of aquatic ecosystems and influence species 

survival, growth, reproduction, migration and dispersal. Moreover, habitat features 

impose species adaptation and evolution, due to the fact that changes in time (generation) 

and space (foraging and migratory ranges) of an organism ensure its reproductive success 

(Southwood, 1977). Ecologists have long recognized that habitat/ecotype factors 

represent filters for biological traits, and patterns in these traits are related to spatial 

variability as well as to disturbance (e.g. Statzner et al., 2001). Poff (1997) postulated that 

environmental factors act as „filters‟ (from large-scale geo-climatic to microhabitat 

constraints), successively excluding those taxa whose characteristics are not adapted to 

cope with changes in environmental characteristics. Organisms that frequently experience 

abiotic disturbances (e.g. floods and droughts) may therefore respond over evolutionary 

time by developing physiological, morphological and life-history traits that diminish the 

impact of these alterations.  

A key question for ecological risk assessment in arid zones is whether 

communities in temporary ponds are either more vulnerable or more resilient to 

environmental stressors than those in other freshwater environments. Some studies have 

found that populations in seasonal and changing environments are more resilient when 

faced with environmental stress (Saenger and Holmes, 1992; Koivisto, 1995). Coping 

with highly fluctuating condition over long periods of time certainly has induced 

adaptations in species that allowed them withstand the stress in their habitat more 

successfully. High growth rates and dispersal capacity may be just one of the factors that 

have contributed to the resilience of communities. Also, the fact that organisms in 

temporary ponds live close to their biological limits could imply that little extra stress or 

disturbance may provoke important deleterious effects. 

 

 

1.5 Developmental instability 

Modern agriculture has dramatically increased productivity over the last century, 

but this has compromised the welfare of animals inhabiting agricultural landscapes. The 

consequences are translated many times in species decline and biodiversity loss due to 

habitat fragmentation and degradation. Assessment of the quality of living conditions as 

seen from the perspective of the animal is thus a crucial point. The interaction between 

species and environment is important for a profound understanding of the impact of 

habitat degradation and climate variability on species and their ability to cope with 

changes in environmental conditions.  
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Traditionally, population viability and status have been measured using intensive 

monitoring programs to track information on life history parameters such as survival, 

fecundity, reproductive success, community structure, species diversity and relative 

abundance or density. However, another way to look at the environments stressfulness to 

the organisms is to study their development stability which reflects their ability to 

produce a consistent phenotype under given environmental conditions (Møller and 

Swaddle, 1997). Perturbing factors of environmental and genetic origin may disrupt 

development and cause deviations from a regular phenotype, while regulatory processes 

such as feedback may restore the growth trajectory. Developmental stability reflects both, 

adaptation to environment experienced during development and coadaptation among gene 

loci that influence or direct development (Graham et al., 2003). This is an important 

notion for evolutionary and ecological studies, since it provides valuable information on 

the adaptation of organisms or populations to certain environments (Kourmpetis and 

Aravanopoulos, 2010). Developmental stability is measured by fluctuating asymmetry 

(FA; small random deviations from perfect symmetry, Van Valen, 1962). 

When organisms are placed under significant environmental or genetic stress, less 

energy is available to sustain an accurate development and increasing levels of 

asymmetry are expected (Parsons, 1992). While still controversial, a wealth of studies 

showed an increase in FA with stress (see Van Dongen, 2006; Graham et al., 2010). Most 

FA studies on aquatic insects have been performed on Diptera (Servia, 2001), 

Ephemeroptera (Dobrin and Corkum, 1999), Plecoptera (Hogg et al., 2001), Heteroptera 

(Drover et al., 1999), Odonata (Hardersen, 2000) and Trichoptera (Bonada and Williams, 

2002) in relation with water pollution. Few studies reported contradictory results on the 

influence of natural factors, such as temperature, on aquatic insects (Servia et al., 2004; 

Hogg et al., 2001).  

While dytiscid beetles are major predators in the aquatic ecosystem little is known 

on their ability to reflect stress in this environment. This may be partially due to their 

chitinous skeleton which makes difficult character asymmetry measurements. 
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1.2. Thesis objectives  

Given that aquatic habitats from agricultural landscapes are the ultimate sinks for most 

chemical contaminants, aquatic stages of many biota are likely impaired. In this context 

the major goal of this work was to unravel some of the major ecological and 

morphological implications resulted from the interaction between functional groups such 

as top aquatic predators and their challenging environment in Monegros. Knowledge of 

these aspects can highlight some of the problems that ecosystem services components 

experience in these environments.  

 

The specific objectives were: 

 

- To examine spatio-temporal distribution of three aquatic beetles, i.e. Hydroglyphus 

pussilus, Laccophillus minutus and Rhantus suturalis in Monegros and assess the effects 

of habitat and climatic factors on their density, in order to understand species population 

dynamics.  

 

- To quantify trace elements bioaccumulation patterns in aquatic beetle species inhabiting 

different waterbodies in Monegros. 

 

- To evaluate differences in developmental instability of aquatic beetles between different 

habitats and identify environmental stressors at habitat and local landscape.  

 

- To determine temporal trends in aquatic beetles‟ developmental instability and the role 

of climate signature on their fluctuating asymmetry.  

 

- To identify patterns in multiple-trait fluctuating asymmetry in H. pussilus, for a better 

understanding of individual and population response to stress.  

 

- To determine the food habits and habitat use of the Iberian green frog, Pelophylax 

perezi, at different developmental stages, inhabiting rice paddies in Monegros.  

 

- To quantify phenotypic changes (e.g. body size, mass, body condition and fluctuating 

asymmetry) of P. perezi at different developmental stages and sexes in response to land 

conversion in the agricultural landscape of Monegros. 
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1.3. Thesis outline 

This work is structured in two parts, the first one dealing with predatory invertebrates and 

the second one with amphibian ecological and morphological responses to habitat and 

landscape alteration by agriculture in Monegros. The thesis is based on seven articles, 

each one of them constituting a chapter. 

Chapters 1 and 9 represent general introduction and overall discussion, respectively; the 

chapters 2, 3 and 7 have already been published in high quality journals; chapter 8 have 

been recently submitted to Journal of Zoology and the rest of the chapters are to be 

published in international peer-reviewed journals indexed in SCI.  

 

The structure of the thesis and the key research questions are shown in Figure 1.3. 
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Fig. 1.3. The structure of the thesis and the main research questions to be dealt with in 

each chapter. A conceptual illustration of species-environment interaction is presented. 

According to this model habitat degradation and climate variability determine changes in 

the environment, which can be reflected in species habitat use and developmental stability 

at different spatial and temporal scales.  

 

 

Chapter 1 provides a general introduction to the importance of studying aquatic 

predators in Monegros: a short description of the main problems in the study area; 

temporary aquatic habitats and the community of aquatic predators (aquatic beetles and 

amphibians), and developmental instability, a morphological tool to assess stressed 

populations.  

 

Chapter 2 examines the spatial and temporal distribution of three aquatic beetles 

(Dytiscidae) in Monegros artificial wetlands (e.g. rice fields, reservoirs and temporary 

ponds) using variations in their densities. Relationships of monthly species density with 

several natural and anthropogenic environmental factors were determined, screening the 

importance of local habitat and landscape on their distribution.    

 

Chapter 3 investigates the potential of predatory aquatic beetles to bioindicate 

trace elements in the environment through the use of a new statistical approach, 

categorical principal component analysis. 

 

Chapter 4 determines the spatial distribution of aquatic beetles fluctuating 

asymmetry in Monegros, comparing different habitats and different morphological traits. 

Additionally, environmental stressors at habitat and landscape scales were identified.  

 

Chapter 5 examines interannual, seasonal and monthly variations in fluctuating 

asymmetry of predatory aquatic beetles in two contrasting habitats (e.g. rice field and 

reservoir) in Monegros. Climatic factors were further related to species-habitat 

developmental instability. 

 

Chapter 6 determines individual and population asymmetry patterns using 

multiple traits of an aquatic predator beetle, Hydroglyphus pusillus in different habitats 

(e.g. rice paddy and reservoir). Relationships between traits were discussed function of 

their proximity, functionality and structural complexity. Differences between sexes were 

also presented. 

 

Chapter 7 studies feeding habits of Pelophylax perezi from Monegros rice fields 

by using stomach contents analyses. Dietary variations between individuals at different 

developmental stages were presented here.  
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Chapter 8 investigates phenotypic variations of the anuran Pelophylax perezi in 

Monegros agricultural wetlands with different level of alteration. Changes in body size, 

mass, body condition and developmental instability are determined for individuals at 

different developmental stages and sexes. 

 

A general discussion with main conclusions is provided in Chapter 9.  
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2.1 Abstract 

 

In arid regions, the artificial wetlands created by agriculture are temporary habitats 

supporting the regional biodiversity. Hydroglyphus pusillus (Fabricius 1781), Laccophilus 

minutus (Linnaeus 1758) and Rhantus suturalis (Mc Leay 1825) are opportunist dytiscid 

beetles colonizing this type of aquatic ecosystems in Monegros, an arid area in NE Spain. 

This study aimed to determine the spatial and temporal distribution of these three species 

in different habitat types (e.g. rice fields, reservoirs and temporary ponds) during 2003 

and identify environmental characteristics related with their dynamics.  

Our results showed that while H. pusillus and L. minutus densities did not vary between 

sampling sites and habitat types, R. suturalis changed its spatial distribution, with higher 

density in temporary ponds vs. rice fields. The three species recorded significantly higher 

density in the dry period comparing with the irrigation time, which is likely a 

consequence of their life cycle (e.g. overwinter) and possible dispersion during irrigation. 

Climatic variables (e.g. monthly solar UVB-radiation and mean monthly precipitations) 

negatively influenced the temporal distribution of H. pusillus and R. suturalis. Habitat 

characteristics (e.g. water depth, water cover and vegetation presence and type) control 

species distribution. Therefore the ecology of these aquatic beetles is mainly driven by 

habitat availability and persistence and local climate. In this context, agricultural practices 

such as the regime of flooding-drying of cultivated lands and unpredictable 

environmental changes may regulate aquatic beetle populations in Monegros wetlands.  

 

 

 

Keywords: dytiscid species, Monegros, wetlands, populations‟ dynamics, climate, habitat 

attributes. 
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2.2 Introduction 

 

Over the last decade the significance of landscape, land use and species turnover 

between ponds have been given importance from both, pond wildlife conservation 

perspective and as a key factor in the ecology of pond biodiversity. The spatial and 

temporal scales of the landscape are important factors controlling invertebrate dynamics 

as species and metacommunities show areal occupancy and movement and inter-annual 

turnover (Jeffries, 2005). 

Wetlands in semi-arid regions are complex and fragile ecosystems that undergo 

extreme changes from the wet to dry periods and are particularly important because of 

their role in maintaining and controlling environmental quality and sustaining local 

biodiversity (Schmid et al., 2006). Providing ecosystem services for human communities, 

they are frequently subject to human-induced changes, but also to harsh natural climatic 

cycles (mainly seasonal). These highly dynamic ecosystems often undergo shifts in 

temporal duration, distribution and spatial complexity of their components (soils, 

vegetation, water and biodiversity). For this, there is a need to understand first how 

communities develop over time and move across land and wetlands in these regions. 

The introduction of irrigation in Monegros in the 60s transformed the arid 

landscape to a great variety of waterscapes. For example, rice fields are temporary ponds 

managed with a variable degree of intensity. They are almost entirely dry during winter, 

while they are flooded up to 15–30 cm depth for summer cultures with water from the 

Pyrenean dams. These new created habitats are often affected by rapid and short-term 

disturbances such as draining, flooding and chemical input, contributing to great 

variability in their resources and changes in their rich biota (Mañosa, 1997; 

Bambaradeniya et al., 2004). The invertebrates, which are important components of the 

aquatic food webs, could be affected by agricultural practices, like occurred in Ebro 

Delta, NE Spain (Ramos et al., 1999). Spatial and temporal variability of 

macroinvertebrates in rice crops was well documented by previous studies (Suhlinget et 

al., 2000; Bambaradeniya et al., 2004; Foote and Hornung, 2005; Leitão et al., 2007). 

These communities are usually distributed along the paddies, with preference for field 

borders with submerged vegetation (Leitão et al., 2007). Among macroinvertebrate 

predators, dytiscid beetles are the first ones to arrive and colonize new formed temporary 

habitats (Layton and Voshell, 1991). They are generally good fliers and can cover several 

kilometers in order to use the environmental resources available for their survival (Bilton, 

1994). Migration of dytiscids in relation to the landscape and different types of waters 

was poorly addressed in the literature (Lundkvist et al., 2002). 

The objective of this study was to examine the spatial and temporal distribution of 

three dytiscid species (Hydroglyphus pusillus, Laccophilus minutus and Rhantus 

suturalis) in Monegros, in order to understand populations‟ dynamics in agricultural 

landscapes. Additionaly we assessed the effects of several habitat and climatic factors on 

species densities. These species have a preference for stagnant waters; they are very 

common in rice fields‟ ecosystems and temporary ponds, are present all the year and are 

resistant to pollution (Touaylia et al., 2011; Bellini et al., 2000). These characteristics 
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convert them to possible indicators of environmental changes. Dytiscid dynamics in 

Mediterranean rice fields was associated to habitat conditions and year (Bellini et al., 

2000).  

 

 

2.3 Sampling site and methods 

 

Monegros, with a total extension of 2700 km², is one of the most arid regions in 

Europe (Herrero and Snyder, 1997). It lies in the central part of the Ebro River basin 

(Aragón), NE Spain, between three mountain ranges: the Pyrenees at the north, the 

Iberian chain at the south-west and the Catalonian coastal ranges at the south-east (Fig.1). 

The average annual temperature is 14.5 ºC, with the extremes from -15ºC to more than 

40ºC. The average rainfall is low, 400 mm year⁻¹ (Pedrocchi, 1998), but with a high 

interannual variability because of the mountains rain-shadow effect and the strong NW–

SE winds (Comín and Williams, 1993). The altitude of the area ranges from 200- 800 m.  

The specific climatic conditions and the agricultural intensification during the last 

six decades transformed Monegros into an area particularly vulnerable to human and 

climate-induced land degradation (Macklin et al., 1994).  

Currently, the intensive land management practices including water management, 

fertilization and pesticides input, crop rotations, inter-crop season land management and 

the extreme changes from the wet to dry period shape the ecological and life history 

strategies of the aquatic fauna colonizing these artificial waterscapes.  

 

Kick- samplings were performed by mean of a D-frame hand-net (500 μm mesh size) 

usually on the borders of the ponds, and sample collection generally took around 30 min 

per site in order to collect as much individuals as possible. Samples were preserved in 

75% ethanol and returned to the laboratory for processing, identification and 

enumeration. Species identification was carried out following the keys for aquatic insects 

of Nilsson and Holmen (1995). They were intended to cover all major habitats in which 

the species were present and having in mind the possible importance of pond area for 

species colonization. The number of samples was calculated from a relationship with 

pond area. Three dominant species were selected: H. pusillus, L. minutus and R. suturalis. 

The species considered dominant were those present in 50% or more of the captures in 

each environment and/or whose number was equal to or above the total number of other 

Dytiscidae species in the capture. 
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Fig. 2.1. Climatic zones in the Iberian Peninsula (after Thornthwaite arid index, 1948, and 

NASA-JPDL, Earth radar map- PIA03395) with the location of the arid region of 

Monegros and the sampling sites. 

 

 

Monthly distribution of these species was assessed in nine heterogeneous 

sampling sites (Fig. 2.1) covering rice fields, reservoirs (supplying water for agriculture 

and farming in the area) and temporary ponds (resulting from past rains or water leaching 

from landfields), for the dry (intercrop season, from January to mid May) and wet (crop 

season, from mid May to September) periods of 2003. While rice fields and temporary 

ponds are more prone to dry up, reservoirs are more stable. Moreover, they are 

unmanaged sites (not treated with herbicides or insecticides). 

 

Drivers and patterns of species distributions are noted and discussed briefly here. 

Several habitat attributes (e.g. pond area, water depth, water coverage, vegetation 
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coverage, vegetation presence/absence, altitude, habitat type, aerial connectivity- distance 

to the closest water body, presence of surrounding stress sources (road proximity and 

exposure risk to pollution), temporal data (season and month) and climatic variables 

(temperatures, precipitations and UVB radiation) were related to species densities to 

determine the match of species in the environment. The pollution risk index was scored 

on a 1-3 scale, from low risk to severe risk, and based on a subjective assessment of the 

extent to which the ponds were exposed to pollution from known pollutant sources such 

as diverse farming practices: water management, pesticide treatment and/or intermittent 

flooding. The vegetation type was scaled from 1 to 10: 1 corresponded to a general lack 

of vegetation in or around the pond; 2, 3, 4, 6 and 7 are different type of decomposed 

vegetation such as Rhyza sp., Typha sp., Phragmites sp., Carex sp., Scirpus sp., and a 

mixture of these ones with/without green algae (Zoosteraceae); 5 corresponds to green 

algae; 8, 9 and 10 represent submerged aquatic macrophytes such as Chara sp., Lemna sp. 

and/or Potamogeton sp.. We refer to seasonality as dry/wet period, characteristic to 

agricultural lands.  

 

Prior to any statistical analysis, matrixes of species densities from each site were 

logarithm transformed (log x) to prevent distortion of the results due to the most abundant 

species. The differences in species density between sampling sites, habitat types, months 

and seasons were assessed by Kruskal-Wallis non-parametric ANOVA and U Mann-

Whitney test. Environmental data were category standardized in order to centre and 

reduce the different ranges of variation among the variables. The environment gradients 

influencing the distribution of the three species were assessed by Categorical Principal 

Component Analysis (CATPCA) in SPSS 15.0 package. This procedure simultaneously 

quantified categorical variables while reducing the dimensionality of the data. Variables 

which showed colinearity (e.g. pond area) were further excluded from CATPCA. 

 

 

2.4 Results and discussion 

 

2.4.1 Habitat characteristics variability 

The artificial wetlands of Monegros are highly fluctuating environments and due 

to their temporal nature, they depend on flooding/drying regime of irrigations. Generally, 

mean water cover (%) of the artificial ponds in Monegros area for the studied period 

(2003) was of 65.04±42.72 and the mean water depth (m) of 8.76±9.79. Kruskal-Wallis 

non-parametric ANOVA showed that the environmental characteristics were habitat 

specific (Table 2.1). For instance, rice fields are usually constructed on the bottom of 

Monegros valleys, while reservoirs lay on the top of mesetas. Thus there is a masked 

difference in altitude between these types of wetlands given by the type of habitat. 

Moreover, rice fields are characterized by a relatively high area, small interdistance with 

other waterscapes, including neighbor rice ponds, low water cover and depth (Fig. 2.2).  
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Table 2.1. Kruskal-Wallis non-parametric ANOVA for differences in pond 

characteristics between habitat type (e.g. rice field, reservoir and temporary pond) 

 

Variable χ
2
 df P 

Altitude (m.a.s.l.) 33.08 2 <0.0001 

Pond area 33.36 2 <0.0001 

Pollutant risk 108.00 2 <0.0001 

Inter-site distance (m) 65.21 2 <0.0001 

Roads proximities (Km) 14.15 2 0.001 

Water depth (cm) 18.77 2 <0.0001 

Water cover (%) 12.61 2 0.002 

Vegetation  type 12.38 2 0.002 

 

 

 

 

Fig. 2.2. Pond characteristics variability between habitat types. 

 

 

2.4.2 Spatial and temporal variability of aquatic beetle species  

 Spatial and temporal occupancy of an area are essential for determining the minor 

habitat of species and understanding the impact of human-induced environmental 

modifications on them.  Hydroglyphus pusillus was by far the most abundant species in 

Monegros wetlands. The occurrence of adults all year round was previously documented 

and it could be explained by a very fast larval development (Ribera, 1992; Valladares et 

al., 1994). Therefore the life cycle adaptation to cope with exploting temporary waters of 

this species can make it suitable for restauration purposes of aquatic habitats from 

degraded landscapes. The density of H. pusillus and L. minutus did not change 
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significantly between the sampling sites (KW test, χ
2
= 10.82, df= 7, P> 0.5 and χ

2
= 12.66, 

df= 7, P= 0.08, respectively) and habitat type (χ
2
= 3.94, df= 2, P> 0.5 and χ

2
= 1.52, df= 2, 

P> 0.5, respectively), contrary to R. suturalis (χ
2
= 18.68, df= 7, P= 0.009 and χ

2
= 6.02, 

df= 2, P= 0.049) (Fig. 2.3). The latter one showed a significantly lower density in a site 

III (reservoir) than in site V (temporary) (Fig. 2.3a), and generally in rice paddies than in 

temporary ponds (Fig. 2.3b). This could reflect the fact that is a highly mobile species 

(Nelson, 1997), with preference for small temporary pools and could be also a sensitive 

species to changes in habitat conditions.  

 

 

 
 

Fig. 2.3. Spatial variation of dytiscid species: (a) among sampling sites and (b) among 

habitat type.  

 

 

Homogenous distribution of L. minutus among sampling sites suggest that it is an 

opportunistic species, with high dispersal capacity which allows it to colonize and re-

colonize irrigation ponds very rapidly (Layton and Voshell, 1991; Velasco et al., 1993). It 

was recorded as one the most frequent species found in irrigation pools in semi-arid 

agricultural areas in SE Spain (Abellán et al., 2006). Therefore, the dispersion of H. 
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pusillus and L. minutus seems to be assured trough short distance aerial corridors such as 

pond-to-pond movements. This may determine continuity between populations at small 

landscape scale.  

 

While H. pusillus recorded the highest density in March (mean±SD, 2.18±1.10), 

L. minutus and R. suturalis showed an increase in density in February (1.09±1.12 and 

0.73±1.04, respectively). Similar high densities of dytiscids in winter time were 

previously recorded in rehabilitated wetlands due to the appearance of overwintering 

adults and spring immigrants (Bosi, 2001; Valladares et al., 1994).  Conversely, H. 

pusillus and R. suturalis showed the lowest density in May (0.83±0.72 and 0.05±0.21, 

respectively) and L. minutus in August (0.17±0.54) (Fig. 2.4). On one hand, the decrease 

of species density coincides with the start and intensification of agricultural practices in 

May and August, respectively. However, their decline most probably reflects the 

mortality of overwintering individuals.  

 

 

 

 
 

Fig. 2.4. Monthly variation in dytiscid species density. 

 

 

Significant differences in H. pusillus and L. minutus density occurred between 

months (KW test, χ
2
= 15.26, df= 5, P= 0.009 and χ

2
= 17.08, df= 5, P= 0.004). 

Hydroglyphus pusillus showed a higher density in March than in May and L. minutus a 

higher density in March than in August (Fig. 2.4). Seasonal differences in species density 

followed a definite pattern. All of them increased significantly their density in the dry 

season, corresponding to overwintering period (U Mann Whitney test, ZH. pusillus= -2.34, 

df= 1, P= 0.02; ZL. minutus= -3.87, df= 1, P< 0.0001 and ZR. suturalis= -2.39, df= 1, P= 0.02). 
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Particularly, in rice fields, H. pusillus and L. minutus changed significantly their density 

from a higher one in dry season to a lower one in wet season (U test, Z= -1.97, df= 1, P= 

0.048 and Z= -4.29, df= 1, P< 0.0001, respectively) (Fig. 2.5). In the wet season (mid 

May to September) all species were found to inhabit field margins with shallow water in 

which emerged and submerged vegetation was abundant whereas in the inter-season time, 

corresponding to the dry period (January to mid May) they were inhabiting the water 

pools next to and into the irrigation channels and fields margins that preserved submerged 

decomposed vegetation. This is consistent with Smith and Smith (2001) who found that 

the edge effect is another key factor influencing macroinvertebrates distribution along the 

paddies, with densities higher at habitat borders. 

 

In September, the species start to recover, likely due to a new generation emergence, 

emphasizing therefore their univoltine condition. Several studies have reported that after a 

period of inundation, density of invertebrate species steadily increased for one to six 

months and then leveled off for that year (Lake et al., 1989; Layton and Voshell, 1991; 

Walton et al., 1990). Moreover, annual cyclic colonization of temporary habitats is 

important for the maintenance of aquatic beetles‟ populations (Svensson, 1992). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.5. Differences in mean density of the three species of aquatic beetles across 

landscape types and the dry/wet period. 
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The edge of the rice paddies, with some small pools and consistent decomposed 

vegetation (e.g. algae, rice and Phragmites sp.) made up suitable refugees and wintering 

places for aquatic beetles‟ species in the dry season. However, Batzer and Wissinger 

(1996) have found that long-lived adults of aquatic beetles typically overwinter in more 

permanent habitats and then fly to newly inundated fields in spring. A low density in the 

wet season could reflect the timing of dispersal among ponds. This season coincides with 

irrigation practices, which may enhance the migration of aquatic beetles.  

 

 

2.4.3 Local climatic influence on species density 

By recounting the climatic variables we have found negative influence of solar 

radiation (UVB) on mean monthly density of H. pusillus (ρ= -0.93, P= 0.008) (Fig. 2.6a). 

This means that in summer time, population density is low and the emigration and 

colonization of waters is reduced. Temporary waters, with low water depth absorb a high 

ultraviolet radiation, which may negatively influence species survival. Moreover, R. 

suturalis density varied inversely with mean monthly precipitations (ρ= -0.94, P= 0.005) 

(Fig. 2.6b), which is likely an effect of runoff, drifting and habitat or substrate instability. 

Similar effects of precipitations were observed in aquatic beetles from lotic environments 

(Arias-Díaz et al., 2007). However, precipitation was found to have weak influence on 

aquatic beetles‟ species distribution (Eyre et al., 2006). 

 

 

 
 

Fig. 2.6. Linear regression supporting the relationships: a) mean monthly solar radiation 

(log x+10) and H. pusillus density (log), and (b) mean monthly precipitation (log x+10) 

and R. suturalis density (log). 

 

 

This suggests that species temporal variations can be also attributed to local 

weather conditions. If climate is an important factor determining species distributions, 

then change in its patterns over time should trigger changes in species dynamics, and 

possible in local biodiversity. Therefore, spatial and temporal dynamics are mediated 

locally by species-specific responses to habitat conditions such as ponds drying or 

climatic variation.  
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2.4.4 Species density relationships with habitat attributes 

In a given major habitat, the existence of many niches permit the presence of a 

large variety of  organisms, but the extent to which habitat can be “subdivided” is 

involving the utilization of environment by different species, allowing their coexistence. 

Variation in habitat conditions should affect changes in aquatic beetle community to a 

different degree. Therefore, by mean of CATPCA we intended to connect dytiscid species 

density with habitat characteristics, in order to understand better populations‟ dynamics. 

Two main components explained 59.32% of total variance; the first one with a 

Cronbach´s α= 0.84, accounted for 38.75% of variance and the second component, whose 

Cronbach´s α was 0.61, explained 20.57% of variance. Our results showed that species 

densities are close related to habitat persistence (water depth and water cover), and 

aquatic vegetation cover and inversely connected with the type of vegetation (Table 2.2, 

Fig. 2.7). It is well known that the complexity of macroinvertebrates community in 

freshwater ecosystems is ensured by habitat complexity, especially by macrophyte cover 

(Mikrä et al., 2011). Some of the habitat variables considered important in determining 

the distribution of dytiscids include habitat structure (e.g. terrestrial and aquatic 

vegetation), permanence, and stability (Galewski, 1971; Brancucci, 1980). Moreover, 

density of predatory aquatic beetles was already reported to increase with pond water 

depth (Yee et al., 2009). 

Our results showed that the three dytiscid species prefer waterbodies with less vegetation 

or highly eutrophic ones with decomposed vegetation, rather than waterbodies with 

aquatic macrophytes. Similar results were observed for dytiscid beetles including genus 

Rhantus sp., whose low number in seasonal wetlands was associated with emergent plant 

cover (De Szalay and Resh, 2000). Aquatic beetles (e.g. Hydroglyphus sp. and 

Laccophilus sp.) from agricultural landscapes (e.g. rice paddies) were associated with 

field margins with aquatic submerged vegetation (Leitão et al., 2007). Apart from 

providing food resources, wetland plants also serve as structural microhabitat where 

species can shelter of direct solar radiation and winds of Monegros or hide of other big 

predators as the ever-present Pelophylax perezi frogs. 

 

 

Table 2.2. Correlations of the biological and environmental variables with the canonical 

axes of CATPCA components (higher correlations in bold) 

 

Habitat 

characteristics 

Dimensions 

1 2 

Pollutant risk -0.01 0.84 

Altitude 0.34 0.66 

Inter-site distance  0.26 0.47 

Roads proximity -0.18 0.80 

Water depth  0.90 -0.09 

Water cover 0.60 -0.16 

Water vegetation presence 0.92 -0.14 
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Fig. 2.7. Species density relationships with habitat characteristics by CATPCA. 

 

 

Our output revealed that dytiscid species distribution was not related to factors of 

human stress such as road proximity or pollutant risk, which could be due to their 

qualitative nature of these two variables. However, other studies reported strong 

environmental influences on distribution and thus the potential for using beetles as 

indicators of habitat quality (Fairchild et al., 2003). Further research should quantify the 

impact of agriculture on species distribution with a management and conservation 

purpose of artificial wetlands from Monegros. 

Aquatic beetles have found the strategy to exploit the unstable network of 

temporary and semi-permanent ponds in the arid zone of Monegros and to develop their 

life cycle in unpredictable conditions. As such, the spatial and temporal dynamics are 

mediated locally by life cycle species-specific responses to local environment such as 

ponds drying or habitat successions. This study confirms the importance of local climate, 

habitat persistence and habitat vegetation for aquatic beetles‟ dynamics. In terms of 

Vegetation type -0.91 0.15 

H. pusillus density 0.78 0.04 

L. minutus density 0.58 0.14 

R. suturalis density 0.43 0.35 
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habitat disturbances, such as the presence of roads around the ponds or pollutant risks, 

species distribution apparently seemed not to be affected. 
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3.1 Abstract 

 

Predatory aquatic beetles are common colonizers of natural and managed aquatic 

environments. While as important components of the aquatic food-webs they are prone to 

accumulate trace elements, they have been largely neglected from metal uptake studies. 

We aim to test the suitability of three dytiscid species, i.e. Hydroglyphus pusillus, 

Laccophilus minutus and Rhantus suturalis, as trace elements (Al, As, Cd, Co, Cu, Fe, 

Mn, Mo, Ni, Pb, Se and Zn) bioindicators. The work was carried out in a case area 

representing rice paddies and control sites (reservoirs) from an arid region known for its 

land degradation (Monegros, NE Spain). Categorical principal component analysis 

(CATPCA) was tested as a nonlinear approach to identify significant relationships 

between metals, species and habitat condition so as to examine the ability of these species 

to reflect differences in metal uptake. Except Se and As, the average concentrations of all 

other elements in the beetles were higher in the rice fields than in the control habitats. The 

CATPCA determined that H. pusillus had high capacity to accumulate Fe, Ni and Mn 

regardless of the habitat type, and hence may not be capable of distinguishing habitat 

conditions with regards to these metals. On the other hand, L. minutus was found less 

sensitive for Se in non-managed habitats (i.e. reservoirs), while R. suturalis was good in 

accumulating Al, Mo and Pb in rice fields. The latter seems to be a promising 

bioindicator of metal enrichment in rice fields. We conclude that predatory aquatic 

beetles are good candidates for trace elements bioindication in impacted and non-

impacted environments and can be used in environmental monitoring studies. CATPCA 

proved to be a reliable approach to unveil trends in metal accumulation in aquatic 

invertebrates according to their habitat status. 

 

Keywords: Dytiscidae, trace elements, rice fields, reservoirs, Monegros arid region, 

Categorical principal component analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Predatory aquatic beetles suitable trace elements bioindicators 

38 

 

3.2 Introduction 

 

Aquatic insects have been used as bioindicators of pollution, mainly due to their 

capacity to accumulate contaminants such as trace elements in predictable amounts, e.g. 

following episodic discharges of pollutants into their habitats (Hooda et al., 2000; 

Nummelin et al., 2007). They can also reflect metal concentrations long after the 

pollution ceases
 
(Nehring, 1976), which would otherwise be undetected using traditional 

water/sediment sampling and analysis approaches. The body tissue metal burden of 

aquatic biota can therefore offer insights into the extent of their exposure to metal 

contaminants and can also help evaluate the associated ecological risks and status of 

aquatic ecosystems. 

Among aquatic insects, predatory beetles (Fam. Dytiscidae) are widely distributed and 

have a high capacity to colonize habitats. They are predators, thus prone to bioaccumulate 

and biomagnify pollutants from lower levels of the food-chain. This makes dytiscid 

beetles potentially useful candidates to assess and monitor pollution in aquatic 

environments. Most toxicity studies tend to be lab based where aquatic insects are 

exposed to dissolved chemicals for a short period of time (Dumas and Hare, 2008). Such 

studies of metal uptake by biota are not entirely representative of the exposure in natural 

environments, mainly because of the complexity of the biological/ecological responses 

(Dumas and Hare, 2008). Despite the importance of aquatic predators in contaminants 

transmission along the food webs, metal bioaccumulation in dytiscid beetles has not 

received much attention (Barak and Mason, 1989; Erman and Gürol,
 
2007). 

Hydroglyphus pusillus, Laccophilus minutus and Rhantus suturalis are widely 

distributed dytiscids, easy to sample and identify; they are present throughout the year 

and more importantly are tolerant to water pollution (Patrick and Palavage, 1994). They 

are commonly found in Mediterranean wetlands, where they inhabit the new habitats 

created by agriculture, such as rice fields (Bellini et al., 2000; Burghelea et al., 2008). 

However, these new habitats are not free from environmental disturbance, caused by 

agriculture production. Monegros, an arid region in NE Spain, has seen the buildup of 

trace elements in recent years, mainly as byproducts of agricultural intensification and 

land degradation (Rodriguez-Mallo, 2002). Inorganic agrochemicals containing trace 

metals are routinely applied in rice fields before sowing and during rice growth for pests 

control and rice production (e.g. copper sulfate, Mancozeb and Procloraz, containing Mn 

and Zn, respectively). In a previous study in the area, nickel concentration in the 

irrigation water (0.112 mg L
-1

) was found higher than the WHO‟ guide value (0.07 mg L
-

1
) (Rodriguez-Mallo, 2002). The agricultural land in the area commonly receives large 

applications of pig manure and chemical fertilizers, which have degraded catchment 

water quality (Martín-Queller et al., 2010). In these circumstances, the assessment of the 

extent of metal accumulation in aquatic wildlife becomes imperative. The objective of the 

present study was to test the suitability of the aforementioned beetle species as possible 

trace elements bioindicators, particularly in areas affected by agricultural activities, i.e. 

rice fields, in Monegros. For this we compared trace element concentrations in H. 

pusillus, L. minutus and R. suturalis collected from rice fields, which are intensively 



Predatory aquatic beetles suitable trace elements bioindicators 

39 

 

managed and water reservoirs, locally used for storing water for irrigation and livestock 

farming purposes.  

One of the difficulties in environmental research is to convert complex data to 

information which best uncovers relationships between chemical concentrations, biota 

species and habitat type. The conventional multivariate approaches such as principal 

component analysis (PCA) are usually restricted to numerical and linearly related data. 

Environmental data may, however, not always meet these assumptions. To overcome 

these limitations, categorical principal component analysis (CATPCA) has been 

developed as an optimal scaling approach which can model nonlinear relationships 

between variables with a mixed measurement level, e.g. numeric, nominal and ordinal 

(Linting et al., 2007). Despite the potential advantages of CATPCA in environmental 

studies, its use has been limited, however. Here we hypothesize that CATPCA can reveal 

reliably the important relationships between trace elements, beetle species and habitats.  

 

 

3.3 Methodology 

 

3.3.1 Study area 

The sampling was carried out in a major rice farming area from central Monegros (San 

Juan del Flumen, 41º46´N, 0º12´W). Monegros (2700 km
2
) is one of the most arid regions 

of Europe (Herrero and Snyder, 1997). It lies in the central part of Ebro river basin (NE 

Spain), surrounded by three mountain ranges: the Pyrenees at N, the Iberian chain at SW 

and the Catalonian coastal ranges at SE. The average annual temperature is 14.5ºC, with 

extremes from -15ºC to > 40ºC. The mountain isolating effect means the average annual 

rainfall is relatively low, i.e. < 400 mm (Comín and Williams, 1993). Soils in the area are 

dominated by Tertiary deposits (lutite and sandstone) with variable level of salinization 

(conductivity ranges between 1-10 mS cm
-1

) (Moreno-Mateos, 2008). These soils are 

generally alkaline (pH ranges between 8-8.5), with a great abundance of carbonates, and 

poor in organic matter (De los Ríos, 1982). 

The development of a large-scale irrigation scheme in the 1960s has led to an increase in 

the land under rice cultivation (45909 ha in 2008) and crop production (IAESTa, 2011; 

FAO, 2011). These land use changes have caused contamination in the area, as result of 

the increased use of agro-chemicals (Zekri, 1990). This is reflected by trace element 

concentrations in water samples collected from rice paddies and reservoirs in the study 

area. For example, the concentrations of Ni, Cu, Fe and B in rice paddies (0.023, 0.004, 

0.029 and 0.082 mg L
-1

, respectively) were higher than those from the reservoirs (0.0137, 

0.003, 0.021 and 0.036 mg L
-1

, respectively) (Rodriguez-Mallo, 2002). Although the 

levels of other trace elements in the study sites are not available, their concentrations are 

expected to reflect similar differences between the rice paddies and the reservoirs, at least 

for certain agri-chemical and manure-borne trace elements. This expectation is supported 

by the use of metal containing pesticides and fertilizers in rice paddies in the study area 

(Rodriguez-Mallo, 2002).  
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3.3.2 Sampling 

Sampling strategy was designed to cover habitats with contrasting level of land 

disturbance/management. It comprised two control areas, i.e. permanent reservoirs used 

for irrigation and livestock farming purposes, and two rice fields (temporary habitats, 

with high level of land management) (Fig. 3.1). Reservoirs are of relatively small size (< 

1/2ha) and < 1.5m depth while rice fields had < 10cm water depth at the time of 

sampling. The poor organic matter content of soils from this region and the minimum 

organic input into the reservoirs means these habitats were unlikely to experience 

reducing conditions in their bottom sediments.  

 

Fig. 3.1. Monegros area with location of the sampling sites. 

 

Three most abundant predatory aquatic beetles in the area were collected from all 

study sites: H. pusillus (Fabricius, 1792), a small species (body length 1.9-2.2 mm), L. 

minutus (McLeay, 1825), medium sized (4.3-4.8 mm), and R. suturalis (Linnaeus, 1758), 

somewhat bigger (10.5-11.9 mm) (Burghelea et al., 2008). Species identification was 

carried out following the keys for aquatic insects of Nilsson and Holmen
 
(1995). The 

sampling was conducted in February 2008 using a D-frame net by sweep netting along 

the shore in the decomposing vegetation. Overwintering adults are common in February, 

when they tend to cluster under floating or bottom vegetation/debris (Zimmerman, 1960). 

Their potential migration is also reduced during winter. The three species exhibit life 

cycles of about one year, similar to most dytiscids from temperate regions (Williams and 

Feltmate, 1992). Although the precise age of the adult beetles is difficult to determine and 

it was unknown at the time of their capture, previous field observations on their adult 

class distribution in the area led us to assume that in February the beetles were near the 

end of their life cycle (Burghelea et al., 2008). Therefore the body metal content is 

assumed to represent concentration at similar life stages.  

Altogether 778 individuals of the three species were collected from two rice paddy 

areas and two reservoirs, separated in the landscape at an inter-site distance of 3-5km. 

From each sampling point, 15 beetles were taken randomly, at habitat depths < 10cm. The 
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samples were collected with the minimum amount of water, vegetation or sediment 

possible and kept in sterile polyethylene bags until laboratory processing.  

 

3.3.3 Samples digestion and analytical procedure 

The beetles were washed with mili-Q water to remove potential residues and kept in 

covered Petri dishes to prevent cross contamination. The samples were dried at 60 °C for 

48 h and ground using a laboratory ball mill and following a clean protocol. The ground 

samples were acid digested using Aristar HNO3 and H2O2 (Lynch et al., 1988).  

Prepared solutions were analyzed for trace elements (Al, Mn, Fe, Co, Ni, Cu, Zn, As, 

Se, Mo, Cd and Pb) by inductively coupled plasma mass spectroscopy (ICP-MS). The 

ICP-MS analysis was highly sensitive for all trace elements in terms of detection limits 

and reproducibility. 

A number of quality control measures were implemented to assure the integrity of the 

results, which included reagent blanks, duplicate samples and standard reference material 

(ERM- CE 278). The analysis was highly precise with the coefficient of variability 

between replicates < 5% and the relative standard deviation between measurements of the 

same sample < 2%. The mean percentage recovery for the elements considered was 

within the acceptable range. The certified and obtained values of Mn, Cu, Zn, As, Cd and 

Pb were in agreement. 

All reagents were ultra-pure quality (Aristar grade). Stock standard solutions were 

Merck Certificate AA standards. Ultra-pure (Milli-Q) water was used in all samples, 

standard solutions and dilutions, as appropriate. 

 

3.3.4 Data analysis 

Categorical principal component analysis (CATPCA) was performed to reveal whether 

the considered species are suitable trace element bioindicators in one habitat vs. the other. 

Compared to traditional linear methods (e.g. PCA), CATPCA is a multivariate analysis 

applicable to nonlinearly related and multiple-scaled data, e.g. nominal, 

categorical/ordinal and numeric variables. In this analysis categorical/nominal variables 

with ordered and unordered (discrete) categories are optimized/transformed by assigning 

optimal scale values (numeric values) to their categories through a process called optimal 

quantification. The category quantifications are transformed in such a way that the total 

variance extracted in the components is maximized (Linting et al., 2007). These values 

are essential for variance and Pearson correlation calculations between the quantified 

variables and the principal components, which give the component loadings. To 

determine what kind of transformation fits better to CATPCA solution (results), different 

types of quantification (scaling levels of variables, e.g. ordinal, spline ordinal, numeric 

and multiple nominal) available in the SPSS package were screened in turn. Comparison 

of the solutions for CATPCA obtained with these different scaling levels were based on 

the total percentage of variance-accounted-for (total PVAF) in the transformed variables 

and Cronbach‟s α for each model. Cronbach‟s α is a measure for the internal consistency 

of categorical principal components. Additionally, we compared the total variance 
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explained by the first two dimensions of CATPCA with the variance explained by 

classical PCA.  

 

CATPCA stability 

Because CATPCA is an explorative approach, there is a risk of fitting structures that 

are sample-specific. It is therefore important to conduct stability tests on the solution 

provided by CATPCA (Linting et al., 2007). The robustness of the CATPCA results of 

our data, i.e. the constancy of assignment of the variables to the main components, was 

checked by the bootstrap procedure applied to the component/dimension loadings (Efron 

and Tibshirani, 1993). This is a resampling procedure which is useful to determine the 

sampling error in estimating the component loadings. It implies repeating CATPCA on 

different samples randomly drawn from the original dataset to construct 90% confidence 

ellipses of the component loadings. 1000 bootstrap samples with replacement were 

created randomly in order to determine the probability of obtaining a sample with the 

degree of variation identical to that observed in the original estimates. 90% confidence 

regions of CATPCA component loadings were created by bootstrap, giving therefore a 

general idea about the significance/stability of CATPCA solution. If the results provided 

by CATPCA are stable, we expect narrow confidence ellipses. 

The analyses were performed in PASW Statistics 18 (former SPSS) for Windows. 

Bootstrap procedure was computed with macro files Categories CATPCA Bootstrap for 

PASW (available online at http://www.spss.com/devcentral/). 

 

 

3.4 Results and discussion 

 

3.4.1 Trace elements contents in predatory aquatic beetles 

The average metal concentrations in the studied species are listed in Table 3.1. It 

appears that H. pusillus accumulated relatively more Al, Mn, Fe, Ni and Se, but less Cd 

(bellow detection limit) as compared to the other species. Laccophilus minutus had the 

highest concentrations of As and R. suturalis accumulated comparatively more Cu, Zn 

and Mo. The variation in metal concentrations between species may well reflect 

differences in patterns of uptake and excretion, as well as differences in prey choice and 

life history (Rainbow, 2002).  

 

 

Table 3.1. Inter-species variation in metal concentrations (μg g
-1 

dry weight). Figures 

represent mean ±SE, based on data pooled across the two habitat types (rice paddies and 

reservoirs) 

 

 H. pusillus L. minutus R. suturalis 

Al 30.83±2.31 24.29±9.57 24.80±6.80 

Mn 22.15±2.24 14.86±3.75 13.06±1.86 

Fe 202.64±89.59 145.35±24.67 123.43±16.57 
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Co 0.05±0.02 0.05±0.02 0.03±0.008 

Ni 3.08±2.98 0.10±0.06 0.14±0.04 

Cu 34.56±7.39 35.39±2.04 39.35±1.87 

Zn 61.43±5.98 63.54±3.45 64.02±2.02 

As 0.32±0.04 0.41±0.10 0.32±0.05 

Se 1.42±0.92 0.93±0.04 0.97±0.15 

Mo 2.66±0.28 1.79±0.97 4.44±3.69 

Cd n.d. 0.03±0.02 0.04±0.03 

Pb 0.08±0.06 0.07±0.06 0.15±0.07 

 n.d.= bellow detection limit  

 

 

The concentrations of Al, Cu, Ni, Pb and Cd in the three species were similar to levels 

reported for other predatory beetles (Fam. Gyrinidae) from Canada, and are relatively low 

to produce negative effects at higher levels of the food chain, e.g. aquatic birds 

(Scheuhammer et al., 1997). Likewise, Se, Fe and Mn concentrations were lower than 

toxic levels that would affect other top aquatic predators such as fishes (Saiki et al., 1993; 

Radwan et al., 1990). On the other hand, Mo body contents (Table 3.1) were higher than 

its average concentrations reported in other aquatic insects, such as ephemeropterans: 

Heptageniidae (1.40 μg g
-1

) and Ephemerellidae (1.18 μg g
-1

) (Colborn, 1982). This 

suggests that the predatory beetles may be more efficient in accumulating Mo from the 

environment. However, this inference should be considered preliminary as this study did 

not deliberately target this question.  

As listed in Table 3.1 the most abundant trace elements in the aquatic beetles were Fe 

and Zn. The pattern of metal distribution in the three species followed the order: 

 

Fe>Zn>Cu>Al>Mn>Mo>Se>Ni>As>Pb>Co>Cd in H. pusillus; 

Fe>Zn>Cu>Al>Mn>Mo>Se>As>Ni>Pb>Co>Cd in L. minutus, and 

Fe>Zn>Cu>Al>Mn>Mo>Se>As>Pb>Ni>Cd>Co in R. suturalis. 

 

Fe, Zn, Cu, Al, Mn, Mo and Se (in grey) had a common pattern of accumulation in all 

species. Similar trend is also found in other predatory aquatic insects (Goodyear and 

McNeill, 1999). However the accumulative behavior signatures for Ni, As, Pb, Co and Cd 

showed different patterns between species, which could indicate a species-specific metal 

bioaccumulation behaviour, e.g. either as a reflection of the order they accumulate in the 

insect body, or species requirement, exclusion or excretion which can be different for 

various elements/species. Variation in metal accumulation within each species may be a 

reflection of energy requirements associated with excreting and/or detoxifying the 

ingested metals. If energy burden is significant this may be translated into effects on 

species biology (e.g. growth and survival) and ecology. 
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3.4.2 Variation in metals bioaccumulation between habitats 

Except As and Se, the rest of trace elements showed higher concentrations in the rice 

field exemplars than in those from the control sites (Table 3.2). This is hardly surprising 

as the rice fields are expected to have a comparatively larger pool of trace elements than 

the reservoirs since the former receive additional inputs via agro-chemical use. Although 

we did not measure total or soluble amounts of trace elements in the habitats, it is not 

unreasonable to assume that the concentrations of As and Se in the rice fields can be 

expected to be at least similar to those in the reservoirs (control) bottom sediments. This 

then raises a question why the beetles should accumulate similar level of As or slightly 

greater amount of Se from the control reservoirs compared to the rice paddies. The more 

reducing environment of rice paddies is likely to reduce selenium to insoluble forms 

resulting in its lower bioavailability (Hooda, 2010). Arsenic, on the other hand, presents a 

more complex biogeochemistry. Its reduction from As(IV) to As(III) while may not 

reduce its bioavailability, the further expected transformation to methylated forms means 

it may not be bioavailable (Zhao et al., 2010). Re-adsorption and co-precipitation of As, 

however, are known to decrease its solubility/bioavailability under long-term and 

moderately reducing conditions such as in rice paddies (Hooda, 2010). While it is 

acknowledged that the geochemistry of trace elements in rice paddy environment is rather 

complex and highly fluctuating, mainly due to organic carbon and water regime triggered 

redox conditions, it is evident from our findings that generally the species are capable of 

distinguishing between habitats in terms of their response to the levels of exposure to 

trace elements, and hence can potentially be used as bioindicators. 

 

 

Table 3.2. Inter-site variation of trace elements in Monegros‟ predatory aquatic beetles 

from different types of aquatic habitats, averaged across the species. Results are presented 

±SE.  

                     Habitat type 

Element (μg g
-1

) Rice fields Control 

Al 32.81±6.13 20.50±4.41 

Mn 18.33±2.02 13.56±2.73 

Fe 186.44±38.47 117.86±12.64 

Co 0.05±0.02 0.04±0.00 

Ni 1.66±1.47 0.08±0.02 

Cu 37.62±3.66 36.44±1.65 

Zn 64.10±3.42 62.64±1.67 

As 0.32±0.05 0.37±0.06 

Se 0.85±0.19 1.22±0.28 

Mo 5.03±3.53 1.67±0.61 

Cd 0.04±0.04 0.02±0.02 

Pb 0.16±0.08 0.06±0.04 
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3.4.3 Exploring the association of trace elements with species and habitat type by 

CATPCA 

Metal bioaccumulation in aquatic insects can show strong variation among different 

species and between habitats. To analyze habitat-species relationships on the basis of 

metal concentrations, and thus assess their suitability as metal bioindicators, a categorical 

principal component analysis (CATPCA) was carried out on three sets of variables, i.e. 

body tissue metal concentrations, habitat type and the beetle species. 

 

Setting CATPCA optimal solution  

In CATPCA, the correlations between variables depend on the scaling level chosen for 

each variable (Manisera et al., 2010). In order to assess the appropriateness of scaling 

level for CATPCA solution an initial step was therefore to compare the solutions obtained 

with different scaling level of variables, i.e. the total percentage of variance-accounted-for 

(total PVAF) and Cronbach‟s α (Table 3.3).  

In terms of PVAF and Cronbach‟s α, the spline (smooth function to obtain nonlinear 

transformations) ordinal solution/ scaling level was relatively more accurate than ordinal 

and numeric ones (Table 3.3). Total Cronbach‟s α >0.95 indicates a high reliability of our 

data structure as well as high inter-variables correlations on the two main dimensions 

extracted by CATPCA. Multiple nominal scaling level allowed plotting of categories of 

the categorical variables in a two dimensional space. The multiple nominal scaling level 

(non-monotonic transformations) for the categorical variables (species and sites) and 

spline ordinal level (monotonic transformations) for metals variables seemed therefore to 

be the most suitable to reveal nonlinear relationships between the variables involved 

(Table 3.3). 

 

 

Table 3.3. Comparison of solutions (percentage of variance-accounted-for, PVAF; and 

eigenvalue, EV) for 1
st
 and 2

nd
 dimensions (Dim.) obtained with different scaling levels 

applied to metal variables while keeping species and sampling sites as multiple nominal 

in CATPCA 

 Scaling level 

 Ordinal Spline* 

 Ordinal 

Numeric 

PVAF Dim. 1 37.99% 40.56% 31.23% 

PVAF Dim. 2 32.56% 32.26% 27.37% 

PVAF total  66.34% 68.12% 54.9% 

EV Dim. 1 5.32 5.68 4.37 

EV Dim. 2 4.56 4.52 3.83 

EV total 9.29 9.54 7.69 

Cronbach‟s α Dim. 1 0.87 0.89 0.83 

Cronbach‟s α Dim. 2 0.84 0.84 0.80 

Cronbach‟s α total 0.96 0.96 0.94 

* Most suitable function for CATPCA solution. 
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Two main components (dimensions) extracted by CATPCA on the optimal/chosen 

scaling captured 68.12% of total variance in the dataset, with a Cronbach‟s α >0.8 for 

each, indicating a high explanatory power of this analysis. This was more efficient than a 

classical PCA, which was able to extract only 57.63% of total variance in its two 

principal components. Besides, one of the major advantages of CATPCA is that it allows 

the graphical representation of the relationships between the categories of variables, i.e. 

of species and sites.  

 

 CATPCA stability 

Because CATPCA is an exploratory approach and may be influenced by the sample 

characteristics we evaluated its level of stability (degree of sensitivity to changes in the 

data) by nonparametric bootstrap procedure (Efron and Tibshirani, 1993). This computed 

90% confidence limits (displayed as ellipses) for the component/dimension loadings from 

CATPCA after 1000 bootstrap resampling of the data (Fig. 3.2).  

By inspecting the bootstrap component loadings of the quantified variables (i.e. the 

correlations between variables quantified by CATPCA and the two extracted 

components/dimensions; Fig. 3.2), we observed that almost all variables had high 

loadings (> 0.6) on their associated components, which means that they make an 

important contribution to that particular component. As displayed in Fig. 3.2, the 

confidence ellipses of most of variables component loadings were fairly small, indicative 

of their relatively good stability. Cd however, did not contribute much to the CATPCA 

solution, as shown by its low loading (0.33) on the first component and a relatively large 

confidence ellipse.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2. Bootstrap component loadings for quantified variables and their 90% confidence 

ellipses from CATPCA. Black (species and sites) and blue (body metal content) symbols 
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represent centroids and the bootstrap clouds. Correlations of variables with dimensions > 

0.5 are outside the inset square.  

 

The multiple nominal variables, i.e. species and habitats, received two quantifications 

for each dimension. We chose to represent graphically only their highest loadings on any 

of the components. Overall, the analyses showed that CATPCA is reliable for this type of 

data and it could be confidently used to examine the relationships between body metal 

content, species and habitats. 

 

3.4.4 Species relationship with metal body content and habitats 

The results of CATPCA presented in Fig. 3.3 show the capacity of the species in 

accumulating trace elements in habitats with different disturbance level. The first two 

resulted dimensions shared together metal variation between species and sites within 

68.12% of the total variance. In graphical terms, variables with multiple nominal scaling 

level, i.e. species and sites, are represented by category points, while metals are indicated 

by vectors. The first dimension, explaining nearly 41% of total variance (eigenvalue= 

5.68, Cronbach‟s α= 0.89), clearly associated H. pusillus with Ni, Fe and Mn on its 

negative side and Cu and Zn on the positive side (Fig. 3.3). It shows H. pusillus as a good 

bioaccumulator of Ni, Fe and Mn, regardless of the site management level. The opposite 

projection of Cu and Zn to the previous group implies H. pusillus likely excludes these 

elements. Brown (1977) reported that the major pathway for uptake and bioaccumulation 

of metals in aquatic invertebrates is through food, from which they are often better 

assimilated (Barata et al., 2002). Some predatory aquatic insects are reported to take up 

and accumulate trace elements such as Ni, a metal easily transferred along the aquatic 

food chain, almost exclusively from their prey (Dumas and Hare, 2008). Another 

possibility is that Ni could bind to iron oxides, which can precipitate on the chitinous 

exoskeleton of some burrowing aquatic insects (Hare, 1992). Such conditions would be 

propitious for the sorption of other elements such as Ni, Mn, Pb and As on the Fe oxide 

incrustations of the body surface (Hare, 1992), especially in H. pusillus, the species with 

the largest area-to-volume ratio. Although no association with Pb and As was observed 

for this species in our study, possibly due to their limited bioavailability, this mechanism 

however cannot be totally excluded. The physiological mechanisms of metals uptake-

release in dytiscid beetles are still poorly known and their efficiency in avoiding metal 

uptake or having efficient detoxification mechanism needs to be further investigated. 

Laccophilus minutus, on the other hand, clustered together with Se and control sites, 

i.e. reservoirs of low agricultural disturbance, and projected independently on the positive 

side of first CATPCA dimension (Fig. 3.3). Selenium, a naturally occurring anion in 

soils/sediments, is highly soluble under the alkaline oxidizing conditions prevalent in arid 

climate environments such as the shallow reservoirs (Deverel and Millard, 1988), from 

where it can be readily assimilated by predatory aquatic insects (Dubois and Hare, 2009). 

In fact, diet has been identified as the main entry route for Se into aquatic animals 

(Schlekat et al., 2002), the bio-transformation of Se into organo-Se compounds by its 

incorporation into the prey increasing its availability to predators (Fan et al., 2002). 
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Although L. minutus generally accumulated less Se than the other dytiscids (Table 1), it is 

the higher proportion of Se accumulated by this beetle, compared to other elements, 

which determines its association with control sites (Fig. 3.3). It seems therefore from our 

results that this species is a good bioindicator candidate for selenium in the less managed 

habitat. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.3. Clustering of trace elements, species and habitat type in their projection on 

dimensions 1 and 2 of Categorical principal component analysis (CATPCA). Variables 

clusters with high loadings on the first dimension are encircled and ones with high 

loadings on the second dimension are enclosed in polygons. Symbols‟ key: , site type; 

X, species. Scale bar for species is 1mm. 

 

The second dimension of CATPCA (32.26% of total variance; eigenvalue= 4.52, 

Cronbach‟s α= 0.84) shows Al, Mo and Pb projecting together with R. suturalis, close to 

rice fields position in the ordination space, while Co was negatively related to this first 

cluster (Fig. 3.3). It is evidence of the capacity of this species to uptake Al, Mo and Pb in 

rice paddy environments, and being limited in bioaccumulating Co. The uptake of higher 

proportions of Al, Mo and Pb, of different solubilities, would rather be an indication of 

the bioaccumulation behaviour of these insects in the natural environment, as has been 

suggested by other studies (Lynch et al., 1988; Frick and Herrmann, 1990; Han et al., 

1991). Thus, they may reflect the contamination state of their habitat. Long-term 

application of agro-chemicals such as inorganic phosphate fertilizers and possibly organic 
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manure in arable lands from arid regions is known to contribute to the buildup of Pb and 

other metals (Ewa et al., 1999; Felix-Henningsen, 2001).
 
Likewise, the emissions from 

gasoline powered equipment/machinery can make important Pb contribution to rice fields 

(Ismail, 1994). The intensification of agriculture on the relatively poorly developed soils 

(arid and saline) following the introduction of irrigation in Monegros in the 1960s meant 

large amounts of inorganic fertilizers, pesticides and organic wastes were used in the area 

to increase agricultural production (IAESTb, 2011). Because of the long-term application 

of these soil amendments and agro-chemicals, the enhanced accumulation of trace 

elements such as Pb and Mo in living organisms was expected as indicated by predatory 

aquatic beetles in this study.  

 

 

3.5 Conclusions 

The study provides a baseline dataset of trace elements levels in predatory aquatic 

beetles from sites with different level of land-use disturbance. Categorical principal 

component analysis (CATPCA) proved to be a reliable method for uncovering 

associations between species, metal uptake and habitat type when using metal 

concentration variables as spline ordinal scaled, and species and sites variables as 

multiple nominal scaled.  

The results demonstrate that predatory aquatic beetles are capable of reflecting trace 

elements bioaccumulation in habitats with different disturbance level and thus can be 

used in environmental monitoring/contamination studies. Although the three species are 

related predators (Fam. Dytiscidae), their innate ability to take up/excrete metals differ. 

According to our results, R. suturalis had a high capacity to bioaccumulate Al, Mo and Pb 

in habitats with high management impact, i.e. rice paddies, while L. minutus was prone to 

accumulate Se in the least managed sites, i.e. reservoirs. Rhantus suturalis can therefore 

be suitable as bioindicator of trace element pollution. Surprisingly, despite H. pusillus 

showing the highest metal uptake it proved to be less efficient in discriminating the 

effects of habitat management/type. 

Our results help strengthen the knowledge of the interaction between freshwater 

insects and trace elements. The nature or the small size of these insects should thus not be 

an argument against using dytiscid beetles as metal bioindicators in the natural/anthropic 

environments. 
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4.1 Abstract 

 

Worldwide loss of biodiversity determined an increased need of early indicators, 

especially in degraded landscapes. One way to asses stressed populations in such 

environments is to spot their phenotypic changes due to environmental/genetic stress. We 

conducted a field survey to analyze fluctuating asymmetry (FA) of three predatory 

aquatic beetles (i.e. Hydroglyphus pusillus, Laccophilus minutus and Rhantus suturalis) 

from Monegros wetlands (e.g. rice fields, reservoir and temporary ponds). This is an arid 

area from NE Spain converted to intensive agricultural production, which transformed the 

local landscape and degraded many habitats. Moreover, field studies on FA of aquatic 

beetles are lacking. In particular we assessed spatial variations in FA level of different 

traits (i.e. maxillary palp and metafemur). We also investigated whether species FA was 

associated to habitat and adjacent landscape characteristics.  

Our results revealed that species maxillary palp showed a significantly higher 

level of FA comparing to metafemur, and this differences could be due to trait 

functionality. It is well known that highly functional traits (e.g. metafemur) are more 

prone to correct developmental errors and withstand stress than less functional ones (e.g. 

maxillary palp). Moreover, palp FA of all species varied between sampling sites, 

indicating that it is a good indicator of stress. Among species, the most receptive to stress 

seemed to be H. pusillus, whose overall FA changed significantly between different 

studied sites and habitat types, with higher levels in  rice fields than in reservoirs or other 

temporary ponds. Spatial FA variability was less obvious for L. minutus and R. suturalis. 

Therefore, the asymmetry of aquatic beetles was trait and species specific. Hydroglyphus 

pusillus and L. minutus FAs were positively correlated with land-cover type (rice field 

and woodland) and negatively to altitude, vegetation type, distance to the roads and 

percent of irrigation land around the sampling sites. These findings indicate that rice 

cultivation may pose a threat to aquatic beetles‟ community, most likely due to the fact 

that rice paddies are extremely unpredictable and highly managed sites. Moreover, forests 

may act as barriers, impeding dispersion and thus stressing these species. Asymmetry was 

associated with lower elevation rice paddies as usually rice is cultivate on valleys floors. 

As expected, disturbing factors such as the presence of roads in ponds proximity can 

stress H. pusillus and L. minutus. They may contaminate the aquatic ecosystems or affect 

species migration, dispersion or connectivity between ponds. Less vegetated sites may 

offer poor conditions to develop to aquatic beetles, which is translated into a high 

developmental stress. Overall, the distribution of FA in Monegros was found to be non-

random and predictable on the basis of habitat characteristics. Our outputs suggest that 

FA is a good tool to reveal stressed populations of aquatic beetles and some common 

species are sensitive sentinels of habitat/landscape disturbances. 

 

Keywords: dytiscids, wetlands, Monegros, fluctuating asymmetry, environmental 

stressors 
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4.2 Introduction 

 

Global freshwater biodiversity is under continuous threat from human actions 

(Dudgeon et al., 2006). The past and ongoing land conversion to provide human goods 

and services has determined habitat homogenization and loss, which negatively impacted 

species fitness, population dynamics and ecosystems functioning (Donald and Evans, 

2006).  This is particularly true in the Mediterranean region where an increase in the 

demand for agricultural land during the last decades has determined the transformation 

and loss of many aquatic natural ecosystems (Hollis, 1995). However, artificial wetlands 

created by agriculture support a huge variety of habitats for wildlife species, and may act 

as biodiversity hotspots when properly managed (Thiere et al., 2009). Despite of their 

potentially high conservation value, agricultural waterbodies are vulnerable to 

degradation (Céréghino et al., 2008). Their inhabitants are often exposed to frequent 

changes in water level, mechanical substrate manipulations, and agrichemical input in 

both, aquatic and surrounding terrestrial environments. Traditional ecological studies 

have often relied for aquatic assessment approaches on physico-chemical parameters and 

ecological indexes (e.g. species diversity, productivity, survivorship or fecundity), with a 

special focus on endangered species. However, there is missing fundamental knowledge 

regarding the sensitivity to landscape alteration of sentinel species that would allow 

monitoring impacts and detecting ecological changes.  

Generally, the inclusion of aquatic macroinvertebrates in monitoring programs has 

proved to be a responsive measure of environmental condition (Bonada et al., 2006). 

Among biota, aquatic beetles are opportunist species with a high dispersal capacity, 

allowing them to colonize irrigation pools rapidly (Layton and Voshell, 1991). They are 

top predators, playing an important ecological role in rice fields‟ food chain and thus they 

are good representatives of wetland communities (Batzer and Wissinger, 1996). A 

number of studies highlighted their potential to bioindicate environmental quality (Eyre 

and Foster, 1989) and human-caused habitat disturbance (Foster et al., 1992). 

Habitat-induced alteration and environmental natural factors could determine 

changes in aquatic communities at multiple scales, although in field studies is difficult to 

disentangle their influence. The decline of many vertebrate species, especially 

amphibians, was associated with agricultural practices (Hammer et al., 2004). During the 

last decades, the study of fluctuating asymmetry (FA) gained much attention in ecological 

surveys as an early indicator of environmental stress (St-Amour et al., 2010). It refers to 

small, random phenotypic deviations from bilateral symmetry of an organism (Van 

Valen, 1962). The ability of an organism to cope with environmental or genetic stress 

during development is therefore well reflected by the level of FA (Thornhill and Møller, 

1998). Nevertheless, FA is the most used index measuring organism developmental 

instability. Despite of its popularity, there is a general lack of knowledge on FA of 

invertebrate (e.g. dytiscid beetles) populations inhabiting aquatic agroecosystems.  

In Monegros, an arid region in NE Spain, the introduction of irrigation scheme in 

1960s has transformed the landscape creating new aquatic habitats for many species. 

However, these temporary habitats are usually subjected to human perturbations such as 
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continuous flooding, drying and contaminant input. For instance, the production of rice, 

one of the main crops in the area, implies the intensive use of agrochemicals such as 

fertilisers and pesticides. Moreover, the region has been identified as being particularly 

vulnerable to climate and human-induced land degradation (Macklin et al., 1994). In this 

context, predatory aquatic beetles (Fam. Dytscidae) inhabiting rice paddies and other 

temporary ponds can provide insights into the overall functioning of the 

ecosystem/environment; they could be potentially effective sensors of ecosystem 

disturbances as proven in recent studies of trace elements bioaccumulation in the area 

(Burghelea et al., 2011). 

The main objective of this study was to evaluate differences in developmental 

instability of predatory aquatic beetles (Hydrolyphus pusillus, Laccophilus minutus and 

Rhantus suturalis) between habitats directly and less affected by agriculture in Monegros. 

Specifically we determined the level of FA in rice paddies, reservoirs and temporary 

ponds. Because stressors at different scales can influence beetles assemblages, we further 

examined habitat and landscape influences on beetles FA. We predicted that species 

inhabiting ponds with a high disturbance level, such as rice fields would be more 

asymmetric than those from less altered ponds. We also hypothesized that both local 

habitat and landscape characteristics could be important determinants of beetles FA.  

 

 

4.3 Methodology  

 

3.3.1 Study area-Monegros wetlands  

Monegros is one of the most arid regions of Europe, with a rough extension of 

2700 km
2
 (Herrero and Snyder, 1997). Bedrock geology comprises mainly lutite and 

sandstone. Its climate is characterized by low annual rainfall (~ 340 mm) and extreme 

temperatures ranging from -9 to >39º C with an annual mean of about 14.5º C recorded at  

Sariñena Weather Station for the period 1997-2009. During the last decades more than 

74% of the land use in Central Monegros (Sariñena and Lanaja municipalities) has been 

increasingly devoted to intensive agriculture (IAEST, 2009). Rice is one of the main 

crops, with an estimated area of about 3569 ha in 2008 (IAEST, 2009) and is cultivated 

mainly on degraded soils, affected by salinity. As part of crop production, rice paddies are 

flooded up to15-25 cm depth during the vegetated period (May-September) and they are 

dried out during the rest of the year. Agrochemicals are applied during crop period to 

improve rice production. In contrast, reservoirs, small (< 1ha) permanent water bodies 

used as water reserves for irrigation in the area are practically extent of agrochemicals 

input and adjacent disturbance.  

Dytisicid beetles are semi-permanent residents of rice field ecosystem, inhabiting 

them during the flooding period (May to September), and surviving in agricultural 

temporary pools and irrigation canals during the dry time, from October to April 

(Burghelea et al., 2008). They also inhabit reservoirs where they can be found throughout 

the year. These two ecosystems, i.e. rice paddies and reservoirs, which contrast in terms 
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of agricultural manipulation and habitat disturbance, are theoretically ideal for testing the 

developmental stability of aquatic biota under habitat disturbance.  

 

Fig. 4.1. Location of Monegros in Iberian Peninsula and distribution of sampling sites: 1, 

2, 4 and 6 represent rice fields; 3 and 8 represent reservoirs and, 5 and 7 are temporary 

pools. 

 

 

4.3.2 Sampling methodology 

Eight sampling sites were selected at random in a landscape dominated by 

artificial wetlands created by agriculture: four rice paddies (1, 2, 4 and 6), two reservoirs 

(3 and 8) and two temporary ponds (5 and 7) (Fig. 4.1). Adjacent land cover was 

represented by dry scrubland, livestock farms, urban areas, dry and irrigated farmland and 

pine forest. Samplings were conducted in 2003 from February to September. Samples 

were collected using 1m
2 

net sweeps (500μm mesh size), washed, stored in 75% ethanol 

and returned to the laboratory for processing. Three most abundant dytiscid species, i.e. 

Hydroglyphus pusillus, Laccophilus minutus and Rhantus suturalis were identified using 

Franciscolo (1979) key.  

For FA, we chose traits that were easy to measure (i.e. maxillary palp distal segment and 

metafemur) (Fig. 4.2). For this, all specimens were dissected under a stereomicroscope, 

and the traits images were captured with a digital camera. Image analysis with Corel 

Draw software allowed the measurement of right (R) and left (L) sides of each trait of all 

individuals. We used relative values of FA, in order to avoid potential artifacts created by 

image analysis, e.g. small differences in image resolution between cases, which may be 

translated into incorrect estimation of FA (Burghelea et al., 2009). For this, we 

considered R side as 100 and L side= (L×100)/R. The average asymmetry of the two 

traits was also used as a composite FA index (CFA), which can reflect the overall 

developmental stability, as suggested by Møller and Swaddle (1997). 
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Due to the importance of between site dispersal for the aquatic beetles, we assessed the 

spatial distribution of FA in our study. In order to determine the influence of habitat and 

landscape characteristics on species FA at each sampling site a number of major factors 

known to influence aquatic beetles‟ ecology (Fairchild et al., 2000; Rundle et al., 2002) 

were assessed and scored accordingly (Table 4.1). Abiotic and biotic habitat 

characteristics were considered: water depth at the deepest point of the wetland, pond 

area, aquatic vegetation cover, vegetation type, and the densities of dytiscid beetles of 

interest. Furthermore we assessed in-situ variables such as elevation, and proximity of 

nearest waterbody and road. Land-cover was estimated at two spatial scales, i.e. 0-500m 

and 500-1000m radii, according to dytiscid movement range (Lundkvist et al., 2002). The 

terrestrial landscape categories used were: forest, shrubs, rice and other irrigated land, as 

provided by CORINE Land-Cover (CLC2000) internet based mapping application in 

Monegros (http://sitar.aragon.es/visor/). CORINE is a European land-cover classification 

scheme originally introduced by the European Union. Land-cover data are based on 

supervised interpretations of Landsat Enhanced Thematic Mapper Plus images at a 

resolution of 30m completed with digital databases (Härmä et al., 2004).  

 

 

 

Fig. 4.2. Maxillary palp and metafemur FA measurements (right-R and left- L side) of: 

(A) H. pusillus, (B) L. minutus and (C) R. suturalis. 

 

 

Table 4.1. Data summary of habitat and landscape characteristics assessed at sampling 

sites in Central Monegros  

 

 Variable Mean±SD (range) 

Habitat  
+
habitat type 1- rice fields, 2- reservoir,  

3- temporary pond 

 pounded area (ha) 0.36±0.26 (0-91) 

water depth (cm) 10.94±10.90 (1.50-70) 

vegetation cover (%) 25.95±40.33 (0-100) 
+
vegetation type 1- absent, 2- decomposed, 3- aquatic macrophytes,  

4- algal mats 

H. pusillus density  1242.63.07±7579.99 (2.77-65450) 

http://sitar.aragon.es/visor/
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R. suturalis density  85.78±125.59 (1-475) 

L. minutus density  70.44±99.71 (4.16-450) 

Lanscape  

forest within 500m (%) 14.39±11.39 (0-30.68) 

rice field within 500m (%) 12.89±13.01 (0-34.67) 

irrigated land within 500m (%) 71.17±14.53 (45.44-100) 

forest within 1km (%) 17.07±12.17 (0-37.46) 

rice field within 1km (%) 5.62±4.49 (0-14.78) 

irrigated land within 1km (%) 75.75±15.17 (51.97-100) 

altitude (m a.s.l.) 308.28±37.08 (252-351) 

distance to road (km) 0.69±0.60 (0.01-2.00) 

distance to nearest pond (m) 77.32±216.86 (2-1000) 

Variables marked with (
+
) are categorical.  

 

 

4.3.3 Analytical procedure  

Three consecutive analyses sets were conducted in order to examine our dataset.  

A first set of analyses focused on FA protocol as shown in Fig. 4.3:  

(a) Estimate measurement error (ME) by two-way ANOVA using side (R and L) as fixed 

factor and individual as random factor helped separate the real FA from ME (Palmer, 

1994). Significance of mean square (MS) of individual×side interaction term implies that 

fluctuating asymmetry is higher than the ME (Palmer and Strobeck, 2003).We also 

calculate the repeatability (R) of FA, which estimates the true FA variation as a 

proportion of the total between- sides variation including ME. The repeatability is higher 

if the ME is smaller relative to FA (Palmer and Strobeck, 2003). 

(b) Rule out other types of asymmetry, i.e. directional asymmetry (DA) and antisymmetry 

(AS) using Student t test, and skewness and kurtosis values (Palmer and Strobeck, 1986). 

Directional asymmetry is present when differences between left and right sides of a trait 

have a mean different from 0 (Palmer, 1994). Moreover, a platykurtic distribution of R-L 

differences could indicate AS. Whenever individual differences in developmental 

imprecision exist, signed FA should be leptokurtically distributed, i.e. kurtosis values >0 

(Møller and Swaddle, 1997). 

(c) Correct for FA relationship with trait size (Palmer and Strobeck, 2003).  

 

 

 

 

 

 

Fig. 4.3. Diagram showing the essential steps in FA analysis and their statistical 

approaches (Palmer, 1994). 
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In a second set of analyses, nonparametric Mann-Whitney U test was used to 

determine FA differences between studied traits. Spatial variations in FA were assessed 

using generalized linear model (GLM), due to the fact that FA departed from normality. 

This analysis provides a flexible approach for non-normal data that involve random 

effects (Bolker et al., 2008). The significance was assessed from the Wald statistics, 

which are assumed to follow a χ
2
 distribution on the respective d.f. However use of these 

distributions relies on an underlying assumption of normality in the error structure, which 

will clearly have been violated in the analyses of FA. We therefore assessed the 

significance of effects by bootstrapping the GLM 1000 times, and report the 95% 

confidence interval (CI) for the effect of each factor (e.g. habitat type) on FA. If the 

interval included zero, the effect was considered insignificant to FA. Moreover, pairwise 

multiple comparisons were used to determine the source of variability. 

A third set of analyses focused on FA relationship with habitat and landscape 

factors. For this, a number of environmental variables, including several indirect 

measures of habitat disturbance and a gradient of land use, were explored together with 

specie FA by Principal Component Analysis (PCA). Due to the fact that the variables had 

different unit scale they were previously standardized. Variables showing strong 

colinearity (Spearman rank correlation coefficients > 0.8) were excluded from PCA (e.g. 

forest 500m and water depth). The stability of PCA was assessed by bootstrap method. It 

implies resampling entire rows from the original data with replacements and computing 

ordinations for each bootstrapped sample. One thousand bootstrap samples were drawn 

and a PCA was performed on each of them in order to estimate 95% confidence intervals 

of the variables loadings. Those distributions which did not incorporate zero are 

considered to contribute significantly to the principal components (Jackson, 1993). 

All analyses were computed in SPSS 15.0 and SYSTAT 12.0 packages for 

Windows. 

 

 

4.3 Results 

 

4.3.1 Measurement error  

A total of 774 individuals of H. pusillus, 627 of L. minutus and 335 of R. suturalis were 

investigated for the occurrence of fluctuating asymmetry. Significant outliers were 

excluded from further analyses. Two-way ANOVA showed that the interaction between 

side and individual was significant, therefore indicating the presence of fluctuating 

asymmetry. Moreover, measurement error was significantly smaller than non-directional 

asymmetry and the repeatability of the traits was high (Table 4.2). 

Positive kurtosis indicated that the sides differences (signed FA) distribution was not 

antisymmetric (Table 4.3). Due to the fact that in some cases the directional asymmetry 

(DA) was present, we subtract the sample mean from the signed asymmetry values, thus 

rearranging the distribution around a new mean of zero (Hutchinson and Cheverud, 

1995). We used this corrected data for subsequent analyses.  
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Because the asymmetry was not correlated with the trait size, size dependency correction 

of FA was not needed (Table 4.3).  

 

 

Table 4.2. Summary of two-way ANOVA (side × individual) performed for each trait, 

showing the significance of fluctuating asymmetry 

Species Trait df
a
 ME

b 
(%) F

c
 R

d
 

H. pusillus palp 774 9.08 4.15* 0.87 

 femur 774 11.10 3.60* 0.68 

L. minutus palp 609 15.63 6.24* 0.73 

 femur 609 26.08 3.85* 0.59 

R. suturalis palp 280 28.57 3.18* 0.56 

 femur 280 33.33 3.05* 0.50 
a
, Degrees of freedom for the individual × side interaction term.  

b
, Measurement error expressed as MSE/MSSI × 100, where MSE and 

MSSI are the error and side × individual mean squares of the two-way 

ANOVA, respectively. 
c
, The F statistic for the individual × side interaction term. 

d
, Repeatability was calculated after  Palmer and Strobeck (2003): R= (MSSI-MSE)/ 

(MSSI+(n-1)MSE) , where n= number of repeated measurements; n= 2. 

*, significance at P< 0.0001 

 

 

Table 4.3. Signed FA characteristics of three species of aquatic beetles. Skewness and 

kurtosis of signed FA measures are shown along with results of normality tests (Z, 

Kolmogorov Smirnov test; significance at: **, P< 0.001 level and *, P< 0.05) and 

directionality (one sample t test). Pearson product moment correlation coefficients (r) 

between unsigned FA and trait size are also provided 

 N Trait σ Skewness (P) Kurtosis  Z t test (P)   

Rice field         

H. pusillus 504 femur 13 -0.07 (0.54) 1.81* 4.40** 0.89 (0.37) -0.04 (0.35) 

 504 palp 31.80 0.14 (0.18) 1.49* 5.19** -0.22 (0.83) -0.02 (0.73) 

L. minutus 405 femur 1.31 -0.16 (0.19) 0.93* 4.67** 0.63 (0.53) 0.02 (0.74) 

 405 palp 4.77 -0.12 (0.32) 1.36* 4.64** 0.99 (0.32) 0.07 (0.16) 

R. suturalis 157 femur 0.53 -0.21 (0.29) 0.11* 3.26** -0.39 (0.69) 0.15 (0.07) 

 157 palp 6.05 -0.005 (0.98) 1.56* 2.32** 0.32 (0.75) 0.05 (0.55) 

Reservoir         

H. pusillus 147 femur 8.69 0.26 (0.20) 1.00* 2.88** -1.18 (0.24) -0.07 (0.43) 

 147 palp 19.61 -0.15 (0.44) 1.08* 3.70** -0.52 (0.61) 0.08 (0.32) 

L. minutus 89 femur 1.30 -0.32 (0.22) 0.59* 2.14** 0.30 (0.77) 0.04 (0.69) 

 89 palp 7.16 -0.03 (0.91) 0.26* 2.13** 1.94 (0.06) -0.25 (0.02) 

R. suturalis 72 femur 0.57 -0.45 (0.11) 1.66* 2.51** 1.96 (0.05) 0.008 (0.95) 

 72 palp 5.44 -0.13 (0.65) 0.16* 1.49*** 1.98 (0.05) -0.28 (0.02) 

Temporary pond         

H. pusillus 123 femur 4.03 -0.20 (0.36) 1.55* 3.57** -1.12 (0.27) 0.11 (0.24) 
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 123 palp 16.49 0.27 (0.18) 2.06* 3.94** 1.08 (0.28) -0.26 (0.002) 

L. minutus 115 femur 1.09 -0.03 (0.91) 0.79* 2.49** -1.67 (0.09) 0.16 (0.09) 

 115 palp 4.58 -0.22 (0.33) 0.72* 2.36** -0.70 (0.49) 0.12 (0.21) 

R. suturalis 141 femur 0.57 -0.13 (0.54) -0.14*  2.44 -0.60 (0.55) 0.16 (0.06) 

 141 palp 6.54 0.005 (0.98) 1.59 2.35 -1.01 (0.31) 0.16 (0.06) 

Significance at: *, P> 0.05; **, P< 0.05 and ***, P< 0.001 level. 

 

 

Maxillary palp FA was significantly higher than femur FA for all species (U test, 

ZH. pusillus= -2.99, P= 0.003; ZL. minutus= -11.86, P< 0.0001 and ZR. suturalis= -14.42, P< 

0.0001).  

 

 

4.3.2 Spatial variability of trait FA 

Hydroglyphus pusillus 

The lowest FA values were recorded in temporary ponds (e.g. site 5) and reservoir 

(e.g. site 8) and the highest in rice fields (e.g. sites 2 and 6) (Fig. 4.4a). Generalized linear 

model (GLM) showed that H. pusillus palp, femur and traits average asymmetry (CFA) 

changed significantly between sampling sites (Wald χ
2

palp= 38.08, df= 5 , P< 0.0001; 

Wald χ
2

femur= 49.35, df= 5, P< 0.0001; Wald χ
2

CFA= 38.08, df= 5, P< 0.0001; Fig. 4.4a), 

and habitat type (Wald χ
2

palp= 11.325, df= 2, P= 0.001; Wald χ
2
femur= 8.39, df= 2, P= 

0.004; Wald χ
2

CFA= 23.67, df= 2, P< 0.0001; Fig. 4.5a). Significant effects of each habitat 

type are shown in Table 4.4. 

Pairwise comparisons of estimated marginal means showed that the asymmetry of H. 

pusillus palp in rice fields was higher than in reservoir (mean difference±SE, 2.48±0.26, 

df= 1, P< 0.0001) and temporary ponds (3.04±0.31, df= 1, P< 0.0001). Moreover, palp 

FA increased significantly in reservoir than in temporary ponds (0.56±0.17, df= 1, P= 

0.001) (Fig. 4.5a). Hydroglyphus pusillus femur reached a higher level of asymmetry in 

reservoirs than in temporary ponds (0.53±0.18, df= 1, P= 0.004). Composite asymmetry 

(CFA) increased significantly in rice fields than in reservoirs (1.14±0.28, df= 1, P< 

0.0001) and temporary ponds (2.08±0.34, df= 1, P< 0.0001) and in reservoirs more than 

in temporary ponds (0.94±0.19, df= 1, P< 0.0001) (Fig. 4.5a).  

 

Laccophilus minutus 

This species showed the lowest asymmetry in site 6, and the highest in site 1 and 3 

(Fig. 4.4b). Trait FA varied significantly between sampling sites (GLM, Wald χ
2

femur 

=19.52, df= 7, P= 0.007 and Wald χ
2
palp=32.57, df= 7, P< 0.0001). Habitat type 

determined changes in L. minutus palp FA (Wald χ
2
=18.59, df= 2, P< 0.0001), but not on 

femur FA (Wald χ
2
=1.88, df= 2, P> 0.05) (Fig. 4.4b). The palp showed more asymmetry 

in reservoir than in rice field (pairwise comparisons, 1.14±0.42, df= 1, P= 0.007) (Fig. 

4.5b). Species overall FA (CFA) did not change between sampling sites (Wald χ
2
=13.55, 

df= 7, P> 0.05), neither did between habitat type (Wald χ
2
=2.02, df= 2, P> 0.05).  
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Fig. 4.4. Fluctuating asymmetry variability between the sampling sites in Monegros: (a) 

H. pusillus; (b) L. minutus, and (c) R. suturalis. Dashed lines make link between the 

average asymmetry values (CFA) among sampling sites, and arrows show the minimum 

and maximum FA values, respectively. 
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Fig. 4.5. Fluctuating asymmetry changes between habitat types: (a) H. pusillus, (b) L. 

minutus, and (c) R. suturalis. 

 

 

Table 4.4. Results from GLMs showing the effects of habitat type on relative FA. Effect 

and SE are parameter estimates from the GLMs. 95% confidence intervals are from 1000 

bootstrapping 

Species Trait FA habitat Effect SE (Lower 95% CI,  

Upper 95% CI) 

H. pusillus Palp  rice field 4.20 0.64 2.88-5.47* 

  reservoir 1.72 0.48 0.82-2.67* 

  temporary pond 1.15 0.75 -0.29-2.65 

 Femur  rice field 2.47 0.46 1.67-3.46* 

  reservoir 2.88 0.65 1.68-4.28* 

  temporary pond 2.35 0.72 0.96-3.76* 

 CFA rice field 3.49 0.40 2.70-4.29* 

  reservoir 2.35 0.48 1.41-3.32* 

  temporary pond 1.41 0.64 0.15-2.69* 

L. minutus Palp  rice field 0.49 0.69 -0.92-1.80 

  reservoir 1.63 0.20 1.24-2.03* 

  temporary pond 0.55 0.55 -0.55-1.54 

*, Indicates an interval that does not include zero; in this case the effect was considered 

significant. 

 

 

Rhantus suturalis 

Lowest values of FA were recorded in sites 1, 3 and 7, and the highest ones in 

sites 4 and 6. Species femur FA and CFA did not vary between sampling sites (Wald χ
2
= 

3.04, df= 7, P> 0.05 and Wald χ
2
= 6.44, df= 7, P> 0.05, respectively) and habitat type 

(Wald χ
2
= 0.80, df= 2, P> 0.05 and Wald χ

2
= 1.35, df= 2, P> 0.05, respectively). Palp 

FA changed significantly between sampling sites (Wald χ
2
= 21.03, df= 7, P= 0.004), but 

not between habitat type (Wald χ
2
= 5.48, df= 2, P= 0.07) (Fig. 4.4c and Fig. 4.5c). 
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4.3.3 FA relationship with environmental factors 

In order to relate the unsigned FA to different potential explanatory variables we 

used principal component analysis (PCA). The first two extracted components explained 

65.10% of the total variance. We took into account only the variables that were highly 

correlated (>0.5) with the main axes of PCA (Table 4.5). The first component explaining 

46.05% of variation associated positively H. pusillus FA and L. minutus FA with land-

cover variables: the proportion of rice field within 500m and 1km radii and the proportion 

of forest within 1km radius (Fig. 4.6). Conversely, these species FAs were negatively 

associated with topography (altitude), habitat type, road proximity, vegetation type and 

irrigated land within 500m and 1km radii. Although weak, R. suturalis FA appeared to 

associate to beetles‟ densities, pond area, vegetation cover, and distance to the nearest 

pond on the second component. 

 

 

Table 4.5. Principal component analysis (PCA) results. Loading of variables on the 

principal components (95%CI after 1000 bootstrap) explains FA variability in predatory 

aquatic beetles of Monegros  

Variable loading PC1 PC2 

irrigated land 500m (%) 0.980 (0.979–0.981)  

rice field 1km (%) -0.970 (-0.971–-0.969)  

habitat type 0.924 (0.922–0.927)  

distance to road  0.923 (0.920–0.924)  

irrigated land 1km (%) 0.894 (0.892–0.898)  

vegetation type 0.808 (0.795–0.811)  

forest 1km (%) -0.798 (-0.805–-0.791)  

rice field 500m (%) -0.793 (-0.800–-0.789)  

altitud 0.722 (0.705–0.725)  

H. pusillus FA -0.658 (-0.675–-0.657)  

L. minutus FA -0.563 (-0.577–-0.552)  

vegetation cover  0.758 (0.740-0.762)  

distance to nearby pond   0.744 (0.735-0.756) 

H. pusillus density  0.717 (0.704-0.724) 

pond area  0.699 (0.648-0.672) 

R. suturalis density   0.587 (0.564-0591) 

L. minutus density  0.583 (0.562-0.595) 

R. suturalis FA  0.323 (0.294-0.328) 
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Fig. 4.6. Principal component analysis plot showing aquatic beetles fluctuating 

asymmetry (FA) relationship with environmental variables; the crosses are the habitat 

variables and the circles are the landscape variables; the main relationships between 

variables are represented in grey. 

 

 

4.4 Discussion  

 

4.4.1 Trait asymmetry 

Our results showed that palp FA was significantly higher than that of the femur, 

the latter being a highly functional trait used for swimming. It is well known that 

environmental/genetic stress does not affect all structures of an organism similarly and 

can lead to differential developmental response according on their role (Söderman et al., 

2007). Traits under stabilizing selection are known to be less responsive to environmental 

disturbances (Pomiankowski and Møller, 1995) as the organism would allocate adequate 

resources for their stable growth (Aparicio, 2001). Our results strengthen the idea that 

femur is a trait under the pressure of natural selection, and therefore experiences a 

comparatively low FA level. Further analysis of other traits under different selection level 

would allow refine the trend we observed.  

  

4.4.2 Spatial FA variability 

Phenotypic variations occurred in predatory aquatic beetles from Monegros 

wetlands mainly in response to habitat type. Among species traits, palp responded better 
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to stress than the femur, in terms of FA, indicating that it could be a good indicator of 

changes in habitat condition. Stress may reduce the energy available to maintain 

developmental precision (Sommer, 1996), therefore some traits show higher FA. Among 

aquatic beetles, H. pusillus, a small-size dytiscid, showed significant differences in FA 

between sampling sites and habitat types. Higher levels of FA were recorded in rice fields 

comparing to the other habitats. This could be due to the fact that rice paddies are usually 

highly managed sites, which differ from the other type of waterbodies mainly in term of 

agrichemical input. This is in agreement with previous studies on high levels of trace 

metals bioaccumulation in dytiscid species from Monegros rice fields (Burghelea et al., 

2011). Moreover, similar high levels of FA were recorded in insects inhabiting 

agroecosystems (Benítez et al., 2008). This indicates that environmental degradation 

caused by agriculture can affect developmental instability of aquatic/terrestrial insects. 

Fluctuating asymmetry differences between sampling sites or habitats were weak 

or absent for other species (L. minutus and R. suturalis), indicating that asymmetry 

response is trait and species specific. For instance, palp FA of L. minutus exhibited 

significant changes between habitat types, with higher levels in reservoirs, than in rice 

fields, trend which however was not supported by its femur or CFA. Similarly, R. 

suturalis palp FA varied significantly between sites. This does not mean that these species 

are extent of environmental stress, but they could be more resistant to unpredictable 

changes and tolerate a broad range of conditions.  

An evaluation of the effects of surrounding habitat and landscape variables on FAs 

of aquatic beetles could further elucidate species spatial FA variability. 

 

4.4.3 Environmental influence on FA 

Habitat/landscape features are potentially important for biota populations in 

altered landscape according to species ecological requirements, movement and resistance 

to drought. Our results showed that agricultural land-cover adjacent to beetles habitat can 

explain H. pusillus and L. minutus FAs. As such an increase of surrounding rice cover 

would lead to higher levels of FA, while other irrigation land would have an opposite 

effect. This suggests that rice cultivation in the area can have negative consequences on 

aquatic fauna, while other irrigation land seems to increase developmental stability of 

aquatic beetles in agricultural landscapes. The effects of land-cover on aquatic beetles 

FA, such as rice field cultivation, could also explain the association of FA with altitude 

and habitat type, due to the fact that the rice paddies are mainly located on valley‟ floors, 

therefore offsetting the altitude signal. Many countries have adapted agri-environment 

schemes which aim at reducing agrochemical emissions, restoring landscapes and 

protecting biodiversity (Klein and Sutherland, 2003). Likewise, organic farming and set-

aside land have been shown to benefit biodiversity in many areas (Hole et al., 2005). Our 

results insinuate that a heterogeneous land-cover could benefit aquatic beetles, and that 

this could be an area of fruitful future investigations. 

Monegros agricultural landscape is a mosaic of cultivated habitats, pine forests 

and shrub land. An increase in the coverage of forests in ponds proximity seemed to 

negatively affect the developmental stability of H. pusillus and L. minutus populations. 
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One plausible explanation is that nearby forest may have acted as a gene-flow barrier 

disturbing the dispersion of beetles‟ populations. It is also possible that aquatic habitats 

draining pine forest dominated landscape may be unsuitable for the species under 

consideration. This can also give us an idea about the appropriate spatial scale for their 

habitat influence. 

The decrease in H. pusillus and L. minutus FAs with the distance to roadways 

indicates that FA could be good indicator of road traffic pollution. It has been shown that 

in aquatic environments animal communities may experience growth suppression and 

mortality caused by chemicals originating from road traffic (Trombulak and Frissell, 

2000). Likewise, Tull and Brussard (2007) reported that off highway vehicles can stress 

the wildlife fauna, by increasing FA levels. This means that in agri-environments, the 

high presence of roads nearby the ponds do affect the developmental stability of local 

fauna, and it can be considered as an additional source of environmental stress. 

 

Among habitat factors, H. pusillus and L. minutus FAs appeared to decrease with 

increasing presence of aquatic macrophytes and algal mats. It is well known that 

macrophytes can influence the distribution of aquatic invertebrates by providing shelter 

against predation (Schriver et al., 1995) and allow food accessibility (Campeau et al., 

1994). It seems therefore from our results that aquatic vegetation can improve the 

developmental stability among predatory beetles offering an escape from stressful 

conditions, which could otherwise result in a higher degree of asymmetry. This 

information could aid managerial decisions aiming to improve ecosystem services in 

these modified landscapes. 

An interesting result is that species densities appear to influence very weakly 

beetles FA. This is in contrasts with other studies (Clarke and Mckenzie, 1992; Labrie et 

al., 2003) and it indicates that intra- or inter-specific competition may not stress the 

aquatic beetles as much as a mixture of environmental/anthropogenic factors.  

In conclusion land-use (landscape and habitat) factors were strongly affecting the 

morphological variations of H. pusillus and to some extent of L. minutus. Therefore 

human disturbance of aquatic and surrounding habitats of Monegros arid agroecosystems 

while providing valuable niches for wildlife fauna can negatively influence the predatory 

aquatic beetles‟ communities. As aquatic beetles respond to environmental stresses 

increasing their level of FA, this information could help making better management 

decisions for preserving the wildlife fauna associated with artificial ponds. It however 

remains to be investigated the mechanisms that trigger developmental instability and how 

this is controlled. As more arid land will be converted for human use in the coming 

decades land holders should actively engage in improving the health of their land 

biodiversity; assessing and implementing robust methods to increase the ecosystem 

services. 
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5.1 Abstract 

 

Under anthropic and climate change impact on aquatic ecosystems, there is a need for 

reliable indicators, which can state the population health and may act as early warning 

signals in deteriorating environments. A step towards understanding the effects of these 

environmental stressors on aquatic biota is to track species-specific phenotypic response. 

In order to determine the influence of natural climatic factors on developmental stability 

of predatory aquatic beetles we examined temporal trends in their fluctuating asymmetry 

(FA) in a landscape dominated by agriculture in the arid region Monegros. For this we 

screened the FA of three dytiscid species (Hydroglyphus pusillus, Laccophilus minutus 

and Rhantus suturalis) inhabiting two contrasting environments (i.e. rice field and 

reservoir), which were collected monthly, along two consecutive years. We predicted a 

coupling effect of FA and climatic factors in reservoir and a decoupling one in rice field. 

Our results showed that in rice field and reservoir, H. pusillus increased its FA level in 

2003 comparatively with 2004. Moreover, wet season was significantly stressful for 

Hydroglyphus pusillus individuals in both studied habitats. Comparing this season in rice 

field and reservoir with a control site, a similar trend in FA was observed, suggesting that 

developmental instability in rice paddies could be due to a mixture of anthropic and 

natural climatic stressors. Therefore, common species with a year round distribution 

could be potential good indicators of environmental stress. Less variability in FA was 

observed for the other two species (L. minutus and R. suturalis), which showed a yearly 

variation in reservoir, but absent seasonal differences. This indicates that asymmetry is 

species specific, likely due to a specific capacity to buffer stress and reflect changes in the 

environment. Moreover, the FA of H. pusillus individuals from reservoirs were positively 

correlated with several climatic variables (e.g. mean monthly precipitations, frequency of 

days with appreciable precipitations, temperature below 0 and glitter days) and negatively 

with mean monthly temperature. It confirms our expectations that variations in climatic 

conditions impose more stress on aquatic beetles from reservoirs. Brusque changes in 

local climate are a potential additional factor of developmental stress for different 

populations of predatory aquatic beetles.  

 

 

Keywords: predatory aquatic beetles, fluctuating asymmetry, temporal trends, climatic 

factors 
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5.2 Introduction 

 

Predatory water beetles are an important component of aquatic invertebrate 

assemblages and aquatic food-webs (Merritt and Cummins, 1996), especially in stagnant, 

shallow water bodies with well-developed vegetation (Fairchild et al., 2000). In arid 

areas, where natural wetlands lack, the agriculture creates surrogate habitats such as rice 

fields, which are early colonized by this group of insects due to accomplishment of their 

ecological requirements (Suhling et al., 2000). However, in agro-ecosystems, which are 

highly fluctuating environments, the match between what a species needs and what the 

environmental supplies depends on human influence (e.g. draining and pollution) but also 

on the regional climatic conditions (e.g. drought and high temperature). The latter ones 

act more generally and may disrupt developmental processes and elevate FA levels 

(Kozlov and Niemelä, 2003) more easily than specific stressors such as chemical 

compounds. Temperature has a major influence on metabolic rate in ectothermic 

invertebrates (Cossins and Bowler, 1987). Moreover, it controls aquatic insects‟ 

development and affects life history components (fecundity, eggs development, growth, 

diapauses, behavior and alimentation) (Ward, 1992).  

 

Due to climate changes and human induced environmental degradation, habitat conditions 

are deteriorating and as a result sensitive species are expected to respond to such stress. 

More often alterations in the morphology of individuals occur (i.e. deformities, 

phenodeviations and asymmetries) (Servia et al., 2000). These alterations are thought to 

be the consequence of developmental disruptions caused by environmental or genetic 

stressors, such as pollutants, climatic variations or inbreeding (Graham et al., 1993). One 

approach which is widely used in ecological and evolutionary studies is fluctuating 

asymmetry (FA).  It refers to random small differences between left and right side of a 

morphological trait of an organism with bilateral symmetry (Van Valen, 1962).  Despite 

of its large use, it is yet controversial as many aspects of the relationship FA-stress are 

poorly known. For instance, while some studies showed a significant influence of 

temperature on developmental stability (Hosken et al., 2000; Valkama and Kozlov, 

2001), others did not detect such relationship (Hogg et al., 2001; Mpho et al., 2001). 

Some explanation were that severe temperature stress may be required to raise levels of 

FA significantly (Hogg et al., 2001) but also temperature stress is taxon- and trait-specific 

(Bjorksten et al., 2001). Several studies highlighted the importance of climatic conditions 

in inducing stress to grasshoppers (Jentzsch et al., 2003), amphibians (Reading, 2007) and 

to North American elk (Eggeman et al., 2009). Moreover plant FA was associated to the 

annual climatic fluctuations (Valkama and Kozlov, 2001; Kozlov and Niemelä, 2003; 

Hagen et al., 2008). 

 

Among environmental stressors, greatest attention was paid to pollution (Servia et al., 

2004), while the effects of natural climatic influences on aquatic insects‟ developmental 

stability received less attention. For instance, in agricultural areas from arid regions, 

disentangle the effects of climatic fluctuations and environmental stressors, is difficult. 
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That why Bonada et al. (2006) accorded that FA is not totally a reliable indicator of 

overall or specific human impact due to the fact that invertebrates‟ development may be 

influenced by human impact and also by natural variables (e.g. temperature; Savage and 

Hogarth, 1999), including interaction such as parasitism and density (Alibert et al., 2002). 

Moreover patterns of FA may be influenced by genetic heterozygosity levels that vary 

among populations (Hogg et al., 2001). Many studies on aquatic invertebrates (see above) 

have indicated that there are still contradictions about the suitability of fluctuating 

asymmetry for freshwater biomonitoring. Despite of this it is still considered a very good 

tool for biomonitoring (Bonada et al., 2006).  

 

The aquatic beetles are mostly widespread and long-lived species, thus in order to 

understand their capacity to adapt and persist in highly fluctuating environments is crucial 

to study their morphological changes in time (Verberk and Essenlik, 2003). We have 

chosen species occurring throughout the year such as H. pusillus, L. minutus and R. 

suturalis (Valladares et al., 1994) with a good adaptation to the rice field environment 

(Bellini et al., 2000). They have a huge importance in rice field ecosystems, as they are 

dominant predators, potentially contributing to mosquito pest control (Ohba and Takagi, 

2010). Moreover, the developmental stability of water beetles was avoided so far. A 

previous study showed that in rice field, the FA is controlled by environmental factors 

(see chapter 4). 

Our aim was to determine temporal trends in FA of several species of aquatic beetles 

from Monegros wetlands. 

To determine temporal trends in asymmetry and whether there is any climatic influence 

on aquatic beetles‟ developmental stability, we studied the asymmetry of three species of 

water beetles in a rice field area and a reservoir along two years. Several climatic factors 

were associated to the asymmetry in order to show which climatic variables best 

explained variation in stress level in water beetles populations of Monegros, an intensive 

agricultural region with unstable climatic conditions. Given the fact that the asymmetry in 

polluted sites may be linked to a mixture of factors, we hypothesized that the asymmetry 

would be higher in rice field than in reservoir and it would not be associated with climatic 

factors. We expected a coupling effect of natural climatic factors with developmental 

stability more in reservoir and a decoupling effect in rice field.  

 

 

5.3 Methods 

 

5.3.1 Study area 

The study area lies in Monegros, one of the most arid regions in Europe, with a 

rough extension of 2700 km
2
 (Herrero and Snyder, 1997). The annual rainfall is highly 

variable, but generally low with an average of approximately 340 mm during the period 

1997-2009 recorded at Sariñena Weather Station. The temperature ranges between -9 to 

more than 39º C, with an annual mean of about 14.5º C for the same period. Other authors 

reported for the region a broader range of temperatures from -15 to more than 40ºC, while 
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the humidity is about 25% (Pedrocchi, 1998). The dominant winds of NW-SE are 

frequent and intense. The bedrock geology is composed mainly of lutite and sandstone. 

The region has been identified as particularly vulnerable to climate and human-induced 

degradation (Macklin et al., 1994).  

During the last decade more than 74% of the land use in the central Monegros 

(Sariñena and Lanaja municipalities) has been increasingly devoted to intensive 

agriculture (IAEST, 2009). Rice is one of the main crops, with an estimated area of about 

3569 ha in 2008 (IAEST, 2009). As part of crop production, rice paddies are flooded 

during the vegetated season (May-September) and they are dried out during the rest of the 

year.  

 

5.3.2 Rice phenology in Monegros 

In this region, rice fields are usually flooded in February-March, and after this 

they are dried, ploughed and harrowed in April-May. At the mid-May, seedling usually 

takes place on the same day as flooding up to15-25 cm. This is a period of intensive 

insecticides (e.g. cipermetrina) and fertilizers usage. Herbicides (e.g. molinato, propanil, 

bensulfuron, oxadiazon and bentazon) are sprayed soon after flooding and then once or 

twice until mid-June; their main targets are Echinochloa sp. and Cyperacea. Fungicides 

(e.g. sulfate of copper) and anti-algae are added in some plots, at the same period and also 

later, in June, July and at the beginning of August. Pests such as Chilo suppressalis are 

treated with insecticides such as fenitrotion and also more specific products such as 

piridafention or tebufenocida at the beginning of August. In 2003, a pest of Mythimna 

unipuncta during June and July determined a high input of pesticides (e.g. malation or 

triclorfon) at the beginning of August. Germination starts between 7-15 days later and 

plants emerge from water approximately one month after sowing. In the early stage of 

germination, many pests such as algae, crustaceans, moluscs and annelid worms are 

treated with malathion, fenitrotion and methyl-parathion. The growth of stem takes place 

until August, the water input is cut at the beginning of September and harvest generally 

occurs in October, when the land is dry. Irrigation water is pumped from the Flumen river 

and the respective irrigation system every two weeks in June, July and August. 

 

5.3.3 Sampling 

Aquatic beetles (Dytiscidae) are semi-permanent residents of the rice field ecosystems, 

inhabiting them during the flooded period (May to September), and surviving in irrigation 

pools and canals during the dry time, from October to April. One rice field area and one 

reservoir were sampled during 2003-2004 in a landscape dominated by agricultural ponds 

and pools. The rice paddy experienced the regular flooding, drying and exposures to 

agricultural practices and agrochemicals from May till September, coinciding with the 

development of beetle species. These agro-ecosystems are harsh environments due to the 

alternation of dry and wet phases. . Moreover in the area there are also reservoirs, small 

(< 1ha) semi-permanent water bodies used for irrigation and livestock supply in the area. 

The reservoirs are practically undisturbed by agricultural processes. These two 

ecosystems, i.e. rice paddies and reservoirs, which contrast in terms of agricultural 
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manipulation, are theoretically ideal to test for differences in developmental instability of 

aquatic beetle species between habitats with different level of disturbance. In order to 

eliminate the human impact on asymmetry, an additional control site was used. This was 

in fact composed of four experimental parcels of about 50cm wide, 50cm deep and 10.5m 

long, 1m interspaced and un-communicated between them. These channels were covered 

with plastic and after, it was added one layer of soil of ~25-30 cm thick and tap water, at 

the end of February 2004. First immigrants started to come on April.  

We considered three main seasons within each year, function of the dry/wet 

regime of the rice crops and species life cycle (e.g. overwinter, reproduction and new 

generation of adults): the first one from January to April, the second from May to July 

and the third one from August to September. 

Three most abundant dytiscids (Hydroglyphus pusillus, Laccophilus minutus and 

Rhantus suturalis) were collected using 1m
2 

net sweeps (500 μm mesh). The samples 

were washed and preserved in 75% ethanol and returned to the laboratory for processing, 

identification and enumeration. Franciscolo (1979) keys were used to identify the species.  

For the fluctuating asymmetry measurements, all the specimens were dissected 

under a binocular loupe. A digital camera attached to the loupe allowed the capture of 

trait images for further measurements. Image analysis in Corel Draw software allowed the 

measurements of right (R) and left (L) sides of two independent traits (femur of the III
rd

 

pair of legs and the distal segment of maxillary palp) of the three dytiscid species.  

 

5.3.4 Statistical analysis 

Several analyses were conducted to prevent measurement error (ME) and 

handedness from influencing estimates of FA in the samples collected in 2004. The 

samples from 2003 were treated similarly in a previous chapter.  

Therefore, fluctuating asymmetry of the considered traits was corrected for 

measurement error (ME) and other types of asymmetry (i.e. antisymmetry and directional 

asymmetry), as well as for relationships with trait size. Thus, two repeated measurements 

of each trait were performed in order to reduce ME (Palmer, 1994) which was further 

incorporated into quantitative tests of FA. A two-way ANOVA helped separate real FA 

from ME, with individual as random factor and side (R and L) as fixed factor. 

Significance of individual×side interaction term implies that fluctuating asymmetry is 

higher than the ME (Palmer and Strobeck, 2003). 

The FA measurement can be inflated by the presence of antisymmetry (AS) and 

directional asymmetry (DA). To certify that the asymmetry present was true FA, it was 

necessary to exclude the alternative possibilities of AS (typically a bimodal or platykurtic 

distribution with a mean of zero) and DA (normal distribution with mean different from 

zero, i.e. skewed) (Palmer and Strobeck, 1986). A kurtosis value greater than zero would 

indicate leptokurtosis, whereas a kurtosis value less than zero could indicate platykurtosis 

and possibly AS. Accordingly, whenever individual differences in developmental 

imprecision exist, signed FA should be leptokurtically distributed (Møller and Swaddle, 

1997). It was therefore tested for the presence of AS using skewness and kurtosis and for 



Climate influence on developmental instability of aquatic beetles 

82 

 

DA by comparing unsigned FA values vs. 0 with t tests; the differences between left and 

right sides should have a mean of 0 (Palmer, 1994). 

Asymmetry may vary with trait size and it has been argued that the relation 

between unsigned FA and size should be inspected (Møller and Swaddle, 1997). 

Pearson‟s correlation coefficient was used to examine the relationship between the 

unsigned value (|R - L|) of the FA trait and the trait size [(R + L)/2] (Palmer and Strobeck, 

2003). Absolute relative values of FA (FA = |100–(L×100)/R |) were used in further 

analyses. This helped avoid possible artifacts created by image analysis (i.e. small 

differences in image resolution between cases), which may be translated into incorrect 

estimations of FA (Burghelea et al., 2009). Moreover, as developmental stability is 

frequently not correlated between traits in the same individual, composite indices of FA 

may represent the general developmental stability more precisely than a measure of FA of 

each trait (Møller and Swaddle, 1997). Therefore, a composite asymmetry index (CFA) 

for each individual was generated as the mean unsigned FA of palp and femur.  

 

The sources of variation in water beetles FA (habitat, year nested within habitat, season 

within habitat, and month within habitat) were explored using generalized linear models 

(GLMs), which allowed analyzing non-normal data that involve random effects (Bolker et 

al., 2008). In case of significance, parameter estimates and pairwise multiple comparisons 

for least significant differences were used to determine the source of variability. Due to 

the fact that asymmetry data were not normally distributed, 1000 bootstrap resamplings 

were applied to GLMs. 

The relationships between species FA and local climate was assessed by a 

principal component analysis (PCA). For this we considered the following climatic 

variables: maximum and mean wind speed, mean UVB radiation, maximum and mean 

precipitations, frequency of days with appreciable precipitation, with rain, hail, storm, 

fog, glitter and temperatures below 0. Due to the fact that some of these variables showed 

colinearity (Spearman rho correlation more than 0.7) were furthermore excluded from 

PCA. Variables which showed seasonality (e.g. temperature) were corrected by 

differencing. Data on climatic variables for the two studied years, 2003 and 2004 were 

obtained from Lanaja and San Juan del Flumen Weather Stations, which were the most 

proximate to our study area.  

All analyses were performed in SPSS and STATISTICA packages for Windows. 

 

 

5.4 Results 

 

5.4.1 Patterns of asymmetry  

Generally, two-way ANOVA showed that femur and palp asymmetry of predatory 

aquatic beetles from studied sites in 2004 was significantly higher than measurement 

error (Table 5.1).  
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Table 5.1. True fluctuating asymmetry of palp and femur of H. pusillus. L. minutus and 

R. suturalis significantly separated from measurement error. ***, means significance at 

P< 0.001 level; **, P< 0.01 and *, P< 0.05; S= side and I= individual. 

 

Sampling  

site 

Species Trait 

Source of  

variation 

Type III 

Sum  

of Squares 

Mean  

Square F 

Rice field H. pusillus Palp (n= 48) S*I 0.109 0.002 1.65 (*) 

   ME 0.134 0.001   

  Femur (n= 45) S*I 0.490 0.011 2.01 (**) 

   ME 0.499 0.005   

 L. minutus Palp (n= 42) S*I 0.395 0.010 3.06 (***) 

   ME 0.133 0.003   

  Femur (n= 50) S*I 0.819 0.017 3.79 (***) 

   ME 0.221 0.004   

 R. suturalis Palp (n= 19) S*I 0.137 0.008 3.87 (**) 

   ME 0.038 0.002   

  Femur (n= 18) S*I 0.060 0.003 2.40 (*) 

   ME 0.025 0.001   

Reservoir H. pusillus Palp (n= 50) S*I 0.274 0.005 2.19 (***) 

   ME 0.250 0.002   

  Femur (n= 54) S*I 0.379 0.007 3.16 (***) 

   ME 0.116 0.002   

 L. minutus Palp (n= 21) S*I 0.162 0.008 3.48 (**) 

   ME 0.049 0.002   

  Femur (n= 15) S*I 0.655 0.047 5.70 (**) 

   ME 0.123 0.008   

 R. suturalis Palp (n= 23) S*I 4.599 0.209 17.06 (***) 

   ME 0.282 0.012   

  Femur (n= 23) S*I 1.203 0.055 13.60 (***)  

   ME 0.093 0.004   

 

 

In some cases the directional asymmetry was present, thus subsequently we 

corrected for DA, by a mean transformation which involved subtracting the sample mean 

from the signed asymmetry values and thus rearranging the distribution around a new 

mean of zero (Hutchinson and Cheverud, 1995), obtaining the „real‟ FA and used this 

corrected data for subsequent analyses (Table 5.2). The asymmetry departed significantly 

from normality, and subsequently tests for non-normal data were applied to further 

analyze variations in asymmetry. 

Testing for kurtosis is essential when investigating the potential existence of 

antisymmetry. Positive kurtosis indicated that the distribution was not antisymmetric, but 

it was slightly skewed in some cases (Table 5.2).  
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Table 5.2. Characteristics of signed FA of H. pusillus, L. minutus and R. suturalis. Skew 

and kurtosis of signed FA measures are shown along with results of normality tests (Z 

Kolmogorov Smirnov test) and directionality (one sample t test). Significant departures of 

the FA from normality at P< 0.001 level (*). Pearson product moment correlation (r) 

between unsigned FA and trait size are also provided 

 

 Species Trait skew kurtosis Z t test (P)  

Rice field H. pusillus Palp (n= 427) -0.44 1.78 6.18 (*) -0.57 (0.57) 0.28 (*) 

  Femur (n= 420) 0.16 1.74 4.46 (*) 0.12 (0.90) -0.06 (0.20) 

 L. minutus Palp (n= 103) -0.49 0.99 2.24 (*) 1.97 (0.051) -0.02 (0.85) 

  Femur (n= 108) 0.35 1.23 2.50 (*) 1.59 (0.12) -0.27 (0.08) 

 R. suturalis Palp (n=192 ) 1.32 0.98 3.62 (*) 0.62 (0.53) 0.07 (0.34) 

  Femur (n= 180) 1.11 0.52 3.77 (*) 1.13 (0.26) -0.22 (0.003) 

Reservoir H. pusillus Palp (n= 430) -0.34 1.36 4.83 (*) 0.54 (0.59) 0.006 (0.91) 

  Femur (n= 426) 0.17 1.81 3.94 (*) -0.13 (0.90) -0.04 (0.44) 

 L. minutus Palp (n= 182) -0.27 1.39 3.10 (*) -1.14 (0.26) 0.24 (0.001) 

  Femur (n= 182) 0.28  0.79 2.59 (*) -0.98 (0.33) -0.002 (0.98) 

 R. suturalis Palp (n= 133) 1.40 1.17 2.56 (*) -0.77 (0.44) 0.15 (0.08) 

  Femur (n= 127) 1.47 1.61 3.04 (*) -1.14 (0.26) 0.30 (0.001) 

 

 

Because the asymmetry of palp was significantly correlated with palp size in rice field, 

the asymmetry was corrected for size, with a commonly used index that divides the 

absolute value of the trait difference (unsigned FA) by the trait size (Palmer and Strobeck, 

2003). 

 

 

5.4.2 Species FA- temporal trends  

While habitat type played an important role in determining FA of several aquatic 

beetles species (see chapter 4), we tested temporal variations in species FA with and 

without its influence. 

 

Hydroglyphus pusillus 

In each habitat, significant differences in FA of H. pusillus occurred between 

years (GLM, Wald χ
2
= 203.07, df= 2, P< 0.0001), seasons (Wald χ

2
= 79.34, df= 4, P< 

0.0001) and months (Wald χ
2
= 23.65, df= 11, P= 0.014). Parameter estimates showed that 

this species was significantly more stressed in 2003 than in 2004 in both studied habitats 

(Fig. 5.1A).  
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Fig. 5.1. Interannual variability of fluctuating asymmetry of predatory aquatic beetles: 

(A) H. pusillus, (B) L. minutus and (C) R. suturalis.  

 

 

Hydroglyphus pusillus increased significantly its level of FA in the wet season in 

rice field, as well as reservoir (Fig. 5.2A). A significant variability of species FA occurred 

between months within each habitat for whole studied period (Fig. 5.3A, B; Table 5.3). In 

rice field, the lowest FA was recorded in January (mean±SE, 0.014±0.002) and the 

highest in May (0.032±0.005). Conversely, in reservoir, the lowest FA values were 

recorded in August (0.014±0.002) and the highest one in May (0.023±0.002).  

 

 

 

 

Fig. 5.2. Seasonal variations in fluctuating asymmetry of predatory aquatic beetles: (A) 

H. pusillus, (B) L. minutus and (C) R. suturalis. 
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Fig. 5.3. Monthly variations of FA of predatory aquatic beetles: (A) and (B) H. pusillus; 

(C) and (D) L. minutus; (E) and (F) R. suturalis in rice field (A, C and E) and in reservoir 

(B, D and F), respectively. 

 

 

Table 5.3. Parameter estimates of generalized linear model (GLM) after 1000 bootstrap 

showing the significance of main temporal variations of H. pusillus FA  

Parameter B 95%CI P 

Rice field    

2003 0.019 0.009-0.022 0.001 

2004 -0.005 -0.010-0.000 0.045 

Reservoir    

2003 0.006 0.002-0.011 0.003 

2004 0   

Rice field    

Season    

dry  -0.003 -0.006-0.001 0.108 

wet  0.011 0.006-0.015 0.001 

crop  0   

Reservoir    
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Season    

dry  -0.001 -0.004-0.002 0.640 

wet  0.007 0.003-0.010 0.001 

crop 0   

Rice field    

    

Jan -0.007 -0.012--0.003 0.003 

Feb 0.001 -0.004-0.006 0.757 

Mar 0.001 -0.004-0.006 0.664 

Apr -0.001 -0.006-0.003 0.577 

May 0.009 0.001-0.017 0.025 

Jun 0.014 0.009-0.020 0.001 

Jul 0.011 0.005-0.017 0.001 

Aug 0.002 -0.003-0.008 0.452 

Sep 0   

    

Reservoir    

Jan -0.004 -0.009-0.001 0.097 

Feb -0.004 -0.009-0.000 0.096 

Mar -0.001 -0.007-0.004 0.606 

Apr -0.004 -0.009-0.001 0.134 

May 0.004 -0.001-0.010 0.100 

Jul 0.004 -0.002-0.009 0.212 

Aug -0.006 -0.011--0.001 0.018 

Sep 0   

B= factor´s coefficient  

 

Laccophilus minutus 

Year was an important factor controlling the asymmetry of L. minutus within each 

habitat (Wald χ
2
= 12.58, df= 2, P= 0.002), contrary to season (Wald χ

2
= 2.44, df= 3, P> 

0.05) (Fig. 5.1B and Fig. 5.2B). It seems that in reservoir, in 2004, the asymmetry 

increased significantly in comparison with the previous year (parameter estimates after 

1000 bootstrap, B= 0.008 with 0.00-0.015 95%CI, P= 0.036). Moreover, FA of this 

species showed a monthly variability (Wald χ
2
= 25.46, df= 12, P= 0.013) (Fig. 5.3C, D). 

For example, in rice field, in March the FA level was higher than in January, February 

and May (parameter estimates; P< 0.05) (Fig. 5.3C). 

 

Rhantus suturalis 

Generalized linear model (GLM) determined a significant effect of year within habitat 

type (Wald χ
2
= 10.16, df= 3, P= 0.017). Parameter estimates determined that in reservoir, 

in 2003 the asymmetry was significantly higher than in 2004 (parameter estimates, B= 

0.007 with 0.001-0.015 95%CI, P= 0.034) (Fig. 5.1C). The asymmetry did not change 

seasonally (Wald χ
2
= 0.97, df= 4, P> 0.05) and neither monthly within habitat (Wald χ

2
= 

9.83, df= 10, P> 0.05) (Fig. 5.2C and Fig. 5.3 E,F). However, in rice field in February of 

2004 the species reached a significantly high level of FA (parameter estimates, P= 0.034).  
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5.4.3 Experimental parcel 

Hydroglyphus pusillus showed a constant annual presence and similar seasonal 

trends in FA in both studied habitats (Fig. 5.1A). Particularly, the wet season seemed to 

be key period in terms of stress- FA related for this species. Therefore, we compared H. 

pusillus FA in June, July and August from rice field and reservoir with the FA level in an 

experimental parcel, in order to understand the importance of natural factors (e.g. local 

climate) on FA. Significant differences occurred between habitats (GLM, Wald χ
2
= 9.42, 

df= 2, P= 0.009) and also between months within habitats (Wald χ
2
= 83.74, df= 5, P< 

0.0001). In rice field, the asymmetry reached significantly higher values than in reservoir 

(pairwise comparisons of estimated marginal means, P= 0.045) and experimental parcel 

(P= 0.003). A significant decrease in asymmetry towards August occurred in all studied 

habitats as well as in the experimental parcel (Table 5.4 and Fig. 5.4). These similar 

monthly trends suggest that could be a climatic influence on asymmetry. 

 

Table 5.4. Parameter estimates of generalized linear model (GLM) after 1000 bootstrap 

showing the significance of monthly variations of H. pusillus FA in three different 

habitats 

Parameter B 95%CI P 

Rice field    

Jun 0.017 0.012-0.022 0.001 

Jul 0.014 0.008-0.019 0.001 

Aug 0   

Reservoir    

Jul 0.009 0.004-0.014 0.003 

Aug 0   

Experimental parcel    

Jun 0.013 0.009-0.016 0.001 

Jul 0.009 0.004-0.014 0.001 

Aug 0   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 5.4. Hydroglyphus pusillus asymmetry variation in wet period in different types of 

habitat. 
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5.4.4 Climatic influence on FA 

Due to the fact that all species exhibited some asymmetry variations between 

years, seasons or months, the asymmetry values of all three species were used in principal 

component analysis (PCA) to determine possible natural causes of FA. This multivariate 

linear statistical analysis summarizes all possible relationships between the asymmetry 

values and environmental variables into a few uncorrelated components, retaining most of 

the variance. The first two components of PCA showed that there were two important 

dimensions accounting for 72.30% of total variance (Fig. 5.5). The first component 

explained 46.44% of variance and related positively the FA of H. pusillus in reservoir 

with the monthly mean precipitations, frequency of days with heavy precipitations, 

negative temperature and glitter (Table 5.5). Conversely, the FA of this species was 

negatively correlated with monthly mean temperature. 

 

 

 
 

Fig. 5.5. Principal component analysis after Varimax rotation showing the relationship 

between predatory aquatic beetles‟ asymmetry (FA) and climatic variables. 

 

 

Table 5.5. Loadings of the variables on two axes of principal component analysis: 

 PC1 PC2 

Freezing days 0.971  

Mean temperature -0.957   

Mean precipitations 0.903  

Glitter days 0.888  

Days_appreciable precipitations 0.867  



Climate influence on developmental instability of aquatic beetles 

90 

 

H. pusillus FA, reservoir 0.715   

H. pusillus FA, rice field  0.906 

R. suturalis FA, reservoir  0.833 

L. minutus FA, reservoir  -0.776 

R. suturalis FA, rice field  0.585 

L. minutus FA, rice field  0.236 

 

 

5.5 Discussion 

 

Our results showed that in contrasting habitats (e.g. rice field and reservoir) there were 

temporal variations in asymmetry of predatory water beetles. Among all species, the most 

sensitive to these changes seemed to be H. pusillus. It showed a higher asymmetry in 

2003 than 2004 indistinctly of the habitat type. This indicates that variations in 

environmental conditions may affect species developmental stability.  

Moreover, comparing the high level of FA in rice field with that of an 

experimental parcel during a highly stress period (e.g. wet period), a similar tendency of 

FA was observed.  Asymmetry decreased significantly towards the end of wet season. 

This result suggests that FA of H. pusillus population from rice paddy not only reflects 

anthropogenic stress likely due to agri-chemical input, but also fluctuations in local 

climate. This is of great importance for the practical use of this biomonitoring system, 

since if climatic variations are important, adjustments would need to be introduced when 

comparing samples collected in different seasons. Our results differ from those of Servia 

et al. (2004) who reported no influence of normal climatic variations (e.g. monthly and 

seasonal) on the asymmetry of chironomids collected at polluted sites. This can indicate 

that some species of aquatic beetles are sensitive enough to discriminate different type of 

environmental stress, fact that makes them better bioindicators than other aquatic insects. 

Moreover, H. pusillus is a widespread species, able to withstand a wide range of 

environmental conditions (Valladares et al., 1994).  Previous studies in Monegros showed 

that it is a good bioindicator of trace elements (Burghelea et al., 2011). All this supports 

the fact that common species with a wide range distribution can be easily used to reflect 

stress. 

The other two species of aquatic beetles from our study showed differences in FA 

among years, especially in reservoir. Laccophilus minutus showed a higher FA in 2004 

than 2003, contrary to R. suturalis. Therefore the response of species to environmental 

stress is species specific (see chapter 4), and thus it is not surprising that related 

organisms show different responses to the same type of stress. However, no seasonal 

component was detected to influence these two species level of FA in one or the other 

habitat. The lack of variations can be due to the fact that these two species were not 

constantly found during the studied period. This may enable these two aquatic beetles to 

be considered as potential stress indicators, in terms of fluctuating asymmetry.  

The results of PCA determined an association of H. pusillus FA in reservoir with 

several climatic factors. As we expected, the effects of climatic variables on FA can be 
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easily spotted in habitats relatively free of anthropogenic input. Sometimes, climatic 

conditions can impose more stress and therefore increase the asymmetry of insects than 

agrochemical contamination, as in the case of grasshoppers from high altitudes (Jentzsch 

et al., 2003). Similar results were observed in plants at high altitudes (Hagen et al., 2008). 

Our results furthermore can justify that the lower level of aquatic beetles FA observed in 

reservoirs comparatively with rice fields from Monegros (see chapter 4) is more likely 

due to natural climatic variations.  

In our study H. pusillus FA in reservoir was positively related to frequency of days with 

temperature below 0 and negatively to mean monthly temperature. Individuals‟ growth 

seemed to be affected by a decrease in temperature, which may inhibit them to look for 

food and places for reproduction. Aquatic beetles‟ dispersal capacity and flight is known 

to be positively associated with mean atmospheric temperature and negatively with the 

rainfall (Miguélez and Valladares, 2008). Morphological effects related to temperature 

stress, are to be expected, because it is known that in some insects and plants, temperature 

may affect developmental stability (Hosken et al., 2000; Imasheva et al., 1997). An 

increase in asymmetry with climatic stress, especially with low temperature during 

summer was observed in leaves of mountain birch (Kozlov and Valkama, 2001). Graham 

et al. (1993) have pointed out that most natural populations are adapted to „normal‟ 

variability in ambient conditions, so that only „abnormal‟ climatic conditions would be 

expected to influence FA. A recent study showed that the invasive capacity of diving 

beetles depended on their thermal physiology, and that physiologically-competent species 

would be less sensitive to the direct impact of climate change (Calosi et al., 2010). 

 

The asymmetry of H. pusillus in reservoir was positively influenced by mean 

monthly precipitation, frequency of days with glitter and appreciable precipitation. This 

suggests that the runoff can negatively impact the development of these organisms. 

An excessive precipitation input and runoff alters ecosystems productivity and affects 

population of aquatic organisms, sensitive to extreme climatic events. The runoff from the 

cultivated fields may bring pollutants into reservoir and thus affect aquatic beetles‟ 

development. In Monegros, heavy rains occur usually in summer and autumn with 

maximum in July, September and October; they can increase fast the annual total 

precipitation in the area. When it rains there is a high runoff and also a high possibility to 

create rain pools, due to the fact that the soil has difficulty to drain the rainwater 

(Pedrocchi, 1998). 

Even if L. minutus and R. suturalis showed temporal variability in FA, especially in 

reservoir, this was not related to any climatic factor. Moreover, the lack of relationships 

between FA of all species in rice field suggests that a mixture of environmental stressors, 

including local climatic factors may determine the level of FA. Further attention should 

be drawn on quantifying their importance on developmental stability of organisms from 

altered landscapes.  

Overall our study indicates that FA could be useful in measuring climatic stress in non-

altered habitats throughout the year. We need to emphasize that this should be further 

verified by carefully experimental study.  
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6.1 Abstract 

 

Fluctuating asymmetry (FA) of ten morphological traits (antenna I, maxillary palp, 

labial palp, femur I, tibia I, femur II, tibia II, femur III, tibia III and elytra) were measured 

in two populations of Hydroglyphus pusillus inhabiting two distinct environments of 

Monegros, NE Spain: rice paddy and water storage pond. In the context of habitat stress, 

asymmetry was related to trait, individual and population specificity. Traits were screened 

from different body regions, and have different structural organization and function. 

Between-trait patterns in FA were translated into patterns in developmental instability 

(DI) by hypothetical repeatability. Secondary, we aimed to determine DI multi-trait (n= 

20) patterns within sexes in stressed individuals from rice environment.  

Our results showed that FA differed significantly between traits, being lowest for 

functionally important characters (leg and elytra) and highest for functionally less 

important ones (palp and antenna) – a pattern that was highly consistent across the two 

studied populations. Traits FA association within main body parts was similar in both 

habitats, suggesting a common developmental pathway. However, in rice paddy, traits 

belonging to the same functional unit (e.g. femur and tibia of second pair of legs) or 

adjacent units (e.g. femur of third pair of legs and elytra) showed both, correlated and 

concordant FA. Between-trait correlations in unsigned FA can be explained by trait 

functionality and structural complexity. They reflect a common control of development of 

the entire phenotype. This suggests a breakdown of developmental stability in stressed 

rice field population and also indicates the presence of an organism-wide asymmetry 

pattern. Conversely, in reservoir, weak correlations and absent concordance occurred 

between traits unsigned FA, refuting the existence of an individual DI pattern in this 

habitat. Despite of this, our results showed a concordance between traits of the two 

studied populations, confirming the existence of a population asymmetry pattern of H. 

pusillus.  

Males and females FA correlations between traits confirmed a common buffering 

capacity against stress of both sexes in paddy environment. A proximal-distal gradient 

was observed for trait FA in both sexes. Our results provide evidence that correlations 

between morphologically integrated traits are related to naturally occurring patterns of 

FA. This suggests that multiple trait analysis of FA can give a comparatively clear picture 

of DI in individuals living under stress, in which regardless the sex, individuals show a 

similar response to developmental noise.  

 

 

Keywords: fluctuating asymmetry, multiple traits, correlation, individual asymmetry 

pattern, population asymmetry pattern, sex 
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6.2 Introduction 

 

Organisms colonizing new environments are faced with new challenges, such as 

environmental pressures and strong directional selection that may break up the co-adapted 

gene complexes. These conditions are well known to reduce developmental stability and 

increase the level of asymmetry of bilateral traits (Møller and Swaddle, 1997). Most 

organisms have one or more axes of symmetry in relation to which the body traits are, 

practically, a reflection. As the development of both sides of bilateral traits is controlled 

by identical genes, deviations from perfect symmetry are assumed to reflect development 

errors (Clarke, 1998). Genetic and environmental stressors can alter the development, 

which can further translate into changes in the phenotype. An organism ability to buffer 

its development against stress (developmental noise) in order to produce a predetermined 

phenotype is known as developmental stability (DS). Developmental stability is an 

important notion for evolutionary and ecological studies, since it provides valuable 

information on the adaptation of populations to certain environments. In practice, the 

pattern of small bilateral variation of a trait in a random sample of a population is 

quantified by fluctuating asymmetry (Van Valen, 1962; Palmer, 1994). Fluctuating 

asymmetry (FA) is widely used as an indirect estimator of developmental stability and 

fitness at individual level (Møller, 1997). Correlations between-trait FA may give 

important insights into the genetic characteristics of DS. Yet the assumption of organism-

wide asymmetry, estimated by FA of many different traits is inherent to most studies that 

use FA as a measure of DS. While several studies found an individual asymmetry pattern 

(IAP) based on between-trait correlations in organisms inhabiting stressed environments 

(Söderman et al., 2007), some others reported a lack of IAP (Karvonen et al., 2003). 

Measuring developmental instability at the individual or population level is important in 

developmental and evolutionary studies, as this may contribute to the understanding of 

the genetic mechanisms that control the development 

 

Theoretical (Graham et al., 1993) and empirical (Swaddle and Witter, 1997) studies have 

indicated that negative feedback mechanisms such as compensatory growth may be 

responsible for the control of left and right side development of a trait. Therefore, patterns 

in FA of one trait could possibly affect the development of other traits. For example some 

experiments have shown that damaging of imaginal discs (i.e. small undifferentiated 

patches of larval epidermis from which different traits develop) in caterpillars of butterfly 

species affected growth patterns in other discs and could generate asymmetrical growth 

(Nijhout and Emlen, 1998). However, there are certain characters that are more 

susceptible to increased fluctuating asymmetry than others, depending on trait 

functionality, mode of selection, stress associated to the developmental processes, and 

structural complexity (Clarke, 1998).  

While few studies regarding multiple traits asymmetry were previously reported in 

aquatic insects in relation to environmental pollution (Servia et al., 2004; Bonada et al., 

2005), there is a need for comparing a large range of different traits FA in these 

organisms in order to determine mechanisms responsible for developmental instability 
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and its control. Aquatic insects have been already reported as suitable sentinels of 

environmental quality, therefore they are model organisms to study FA developmental 

patterns at individual and population level. Studies of patterns of multiple traits 

phenotypic variability are valuable because they allow questions to be posed at a more 

general mechanistic level. Few things are known about the mechanisms that enhance 

development instability under environmental or genetic stress and how this is translated 

into asymmetries of different traits of individuals. 

 

Predatory aquatic beetles are important components of aquatic food-webs. They are 

potentially useful for this type of study as they are relatively abundant, with a well known 

life cycle, tolerant to pollution, and good bioindicators (Burghelea et al., 2011). While in 

ecological studies, there is plenty evidence of the environmental impact on these 

communities structure, studies of their developmental stability are practically absent from 

the literature.  Here we analyzed the asymmetry of a suit of morphological traits in a 

widespread dytiscid species, Hydroglyphus pusillus, in two contrasting habitats, i.e. rice 

fields and reservoirs, in order to determine patterns in FA among traits and implicitly in 

developmental stability. Elsewhere we have shown that rice field populations had a 

comparatively increased level of FA due to habitat and land-use stressors (e.g. road 

proximity and rice cultivation) (see chapter 4). Our general hypothesis is that aquatic 

beetles inhabiting rice paddies experience a break up of developmental stability, and they 

should exhibit multiple trait FA patterns. In addition, other hypotheses about intra-

populational patterns of FA were tested. First given that functionally important traits such 

as leg and elytra are likely to be under stronger canalizing selection than functionally less 

important traits such as labial and maxillary palps, we predicted lower degree of FA for 

the traits from in the first group than traits in the latter one (Söderman et al., 2007). 

Second, traits with more complex structure such as legs should reflect less FA. Third, we 

looked for associations between trait specific FA values at the individual and population 

level to test for the existence of the so-called individual and population asymmetry 

parameter (IAP and PAP, Clarke 1998; Soulé, 1967). Forth, we checked for sex-related 

FA. Finally, considering that traits development occurs on proximal-distal gradient, we 

thus expect higher asymmetry for the distal traits, than for proximal ones. 

 

 

6.3 Material and Methods 

 

6.3.1 Study area 

Monegros is an arid region in NE Spain. It is surrounded by the Pyrenees at N, the 

Iberian chain at SW and the Catalonian coastal ranges at SE. Its climate varies markedly, 

with an average annual temperature of about 14.5ºC, and extremes from -15ºC to > 40ºC. 

The average annual rainfall is relatively low, i.e. < 400 mm. Soils in the area are 

dominated by lutite and sandstone (Tertiary deposits) with variable level of salinization 

(Moreno-Mateos, 2008). An intensive agriculture and farming since the 1960s contributed 

to important land and water degradation in the area (Martín-Queller et al., 2010). 



Multiple trait asymmetry patterns in aquatic beetle species 

100 

 

6.3.2 Sampling sites and procedure 

The sampling strategy was designed so as to cover two representative beetle populations 

in the artificial wetlands in San Juan del Flumen (central Monegros). A rice field area (N 

41º 45.674´, W000º 12.801´) and a reservoir (N 41º 47.446´, W 000º 15.413´) were 

sampled during June of 2005. Beetles were collected using a D-shape hand-net (25 cm 

diameter, 10 cm depth and 250 μm mesh gape). All samples were transported to the 

laboratory, fixed in 70% alcohol for a few days, and further dissected under a 

stereomicrospope. Multiple traits, with different functions of distinct body parts were 

considered for the analysis of fluctuating asymmetry (Fig. 6.1). Limb and leg traits should 

be under strongest selection and therefore they are expected to show less FA, based on 

their functional importance over other traits.  

 

 

Fig. 6.1. Dorsal (A) and ventral (B) views of H. pusillus. A number of twenty traits were 

measured for the analysis of fluctuating asymmetry: (1) I
-st

 antenna segment, (2) II
-nd

 

antenna segment, (3) maxillary palp, (4) labial palp, (5) eye, (6) pronotum dorsal carinae, 

(7) pronotum ventral carinae, (8) elytra width, (9) elytra lenght, (10) I
st
 leg femur, (11) I

st
 

leg tibia, (12) I
st
 leg tarsus (13) II

nd
 leg femur (14) II

nd
 leg tibia, (15) II

nd
 leg tarsus, (16) 

III
rd

 leg trochanter,  (17) III
rd

 leg femur,  (18) III
rd

 leg tibia, (19) III
rd

 leg tarsus and  (20) 

pygidium. R = right side and L= Left side. Trait resolution depicted here is not 

representative for the measured images. 
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6.3.3 Measurement protocol 

Image analysis was performed using Corel Draw software. A total number of twenty traits 

of H. pusillus, both left and right sides, were measured twice on a subsample of 93 

individuals in order to estimate measurement error (Palmer, 1994). Both measurements 

were taken on the same image independently, at an interval of several days by the same 

person.  

 

6.3.4 Statistical analysis 

Statistical analysis of asymmetry has received significant attention in the literature. 

Recent reviews of the current state of the art are provided by Graham (2010), Van 

Dongen (2006) and Palmer and Strobeck (2003). Three essential issues needed to be 

considered in order to use asymmetry as a measure of developmental instability: 

measurement error which could inflate the between-side variance, other forms of 

asymmetry (directional asymmetry and antisymmetry) and asymmetry-trait size 

dependency (Palmer, 1994). Before testing for measurement error, the right side of each 

trait was plotted against the left side to screen and remove outliers, which may rather be 

related to physical damage or deformities (Palmer, 1994). Measurement error (ME) was 

assessed from the two repeated measurements for 55 males and 38 females by two-way 

analysis of variance (ANOVA), with side as fixed factor and individual as random factor 

(Palmer and Strobeck, 1986). Accordingly, when the interaction between side-individual 

is significant (i.e. MSerror<MSeffect) it can be assumed that no measurement error was 

done. Moreover, to discard other types of asymmetry in the selected traits we used t test 

for directional asymmetry and check kurtosis values for antisymmetry. Thereafter any 

dependence of FA on trait size, calculated as(R+L)/2, was checked by Pearson product 

moment correlation and its significance value at 5% confidence level.  

The relative values of unsigned FA were used in further analyses. To estimate 

main body parts FA we used average values of the constituting traits.  

The relationships between trait FA in both, rice field and reservoir were estimated 

by hierarchical cluster analyses (HCA). Legs asymmetry was compared with other 

morphological traits by Kruskal-Wallis nonparametric ANOVA. Furthermore, 

Spearman´s rank correlation coefficient (ρ) helped determine the significance of between-

trait relationships. Whether there are patterns of concordance of multiple traits FA among 

individuals within a population and among populations, it was tested by Kendall´s 

concordance test on the values of FA ranked for each trait across samples. It allows 

determining the overall significance of FA variation (Palmer and Strobeck, 1986). Strong 

positive correlations/concordance would indicate that the level of developmental 

instability is individual or population specific. Because between-trait correlations in the 

unsigned FA are prone to be low or absent, it is possible to correct for this downward bias 

by applying a hypothetical repeatability (R) (Whitlock, 1996, 1998). The repeatability of 

FA is the correlation between FA of a trait across hypothetical individuals allowed to 

develop on two different occasions. It transforms patterns in FA into patterns in 

underlying developmental instability. The repeatability is defined as the ratio of the 

between-individual component of variation in the unsigned FA to the total variance 
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(Whitlock, 1996, 1998). It thus reflects the proportion of variability in individual FA due 

to between-individual variation in developmental stability, assuming that a trait would 

develop similarly more than once under exactly the same environmental conditions (Van 

Dongen, 2006).  

All statistical analyses were performed using SPSS 15.0 statistical package for 

Windows.  

 

 

6.4 Results 

 

6.4.1 Fluctuating asymmetry reliability 

Three main factors have the potential to bias FA measures, and they should be 

considered in any FA study: measurement error, other kinds of asymmetry, and allometry 

(Palmer, 1994). Results from measurement error analysis showed that all traits had 

significantly smaller ME than FA (Table 6.1). Next, t test, skewness and kurtosis 

determined the presence of FA rather than DA or AS (Table 6.2). While kurtosis values 

were relatively high, they were more typical to a leptokurtic than normal distribution. 

This however does not invalidate the assignation of traits‟ measure to FA, as leptokurtic 

distributions may indicate a high presence of 0 values, thus high heterogeneity in 

developmental stability between individuals (Leung and Forbes, 1997). 

 

Once trait FA was detected r-Pearson correlations between |R-L| and (R+L)/2 were 

performed for each trait to check the influence of trait size on FA (Palmer and Strobeck, 

1986). The results indicated that all traits FA were independent of trait size (Table 6.2). 

 

 

Table 6.1. Results from a two-way ANOVA with factors side and individual showing a 

significantly low measurement error (ME) of 20 metric traits of H. pusillus, relative to FA 

(MSerror<MSSI)  

Trait  N MSSI MSerror ME% F(P) R 

 

 

♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ 

lb palp  55 38 0.004 0.005 0.001 0.001 25 20 4.47* 4.46*** 0.60 0.67 

mx palp  55 34 0.003 0.003 0.001 0.001 33.33 33.33 2.76* 2.04* 0.50 2 

Ant Ist  55 38 0.007 0.015 0.002 0.003 28.57 20 4.35* 5.89*** 0.56 0.67 

Ant IInd  

 

55 33 0.002 0.00106 0.001 0.00053 50 50 1.94(0.008) 1.99* 0.33 0.33 

Eye w 
 

51 33 0.002 0.0007 0.001 0.0003 50 42.85 1.60(0.05) 1.85* 0.33 0.40 

Tr III 
 

55 38 0.005 0.006 0.001 0.002 20 33.33 4.19* 3.15*** 0.67 0.50 

Fm III  55 38 0.009 0.005 0.001 0.001 11.11 20 9.74* 7.19*** 0.80 0.67 

Tb III  55 30 0.004 0.00064 0.001 0.00033 25 51.56 3.18* 1.93* 0.60 0.32 

Ts III  55 38 0.025 0.006 0.001 0.001 4 16.67 16.78* 6.67*** 0.92 0.71 

Fm II 
 

55 38 0.014 0.016 0.002 0.003 14.29 18.75 5.52* 5.14*** 0.75 0.68 

Tb II  55 38 0.004 0.005 0.002 0.001 50 20 2.24(0.002) 4.14*** 0.33 0.67 

Ts II  55 38 0.007 0.004 0.003 0.001 42.86 25 2.42(0.004) 3.41*** 0.40 0.60 
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Fm I 
 

55 38 0.004 0.007 0.001 0.002 25 28.57 4.08* 3.77*** 0.60 0.56 

Tb I 
 

51 38 0.002 0.009 0.001 0.002 50 22.22 1.74(0.03) 4.81*** 0.33 0.64 

Ts I 
 

55 30 0.005 0.00064 0.001 0.00033 20 51.56 4.36* 1.93* 0.67 0.32 

El l 
 

54 37 0.004 0.009 0.001 0.002 25 22.22 5.92* 4.71*** 0.60 0.64 

El w  55 38 0.003 0.028 0.001 0.005 33.33 17.86 3.05* 5.50*** 0.50 0.70 

ds Pr  
 

55 34 0.009 0.002 0.001 0.001 11.11 50 11.95* 1.79* 0.80 0.33 

vn Pr  
 

55 35 0.015 0.00095 0.002 0.00035 13.33 36.84 9.27* 2.67** 0.76 0.46 

Pg 
 

54 35 0.006 0.007 0.002 0.003 33.33 42.86 3.21* 2.45** 0.50 0.40 

MSSI = mean square of side × individual interaction; MSerror= mean square of repeated 

measurement error); ME%= MSerror as a percentage of MSSI; MEr= repeatability calculated 

after the formula, R= (MSSI-MSerror)/ [MSSI+(2-1)MSerror]. 

Significance is at: * P< 0.05, ** P< 0.01, and *** P< 0.00001 level 

Abbreviations: lb= labial; mx= maxillary; ds= dorsal; vn= ventral; w= width; l= length; 

Ant= antenna; Tr= trochanter; Fm= femur; Tb= tibia; Ts= tarsus; El= elytra; Pr= 

pronotum and Pg= pygidium.  

 

 

Table 6.2. Ruling out directional asymmetry (t test and skewness), antisymmetry 

(kurtosis) and trait size dependence (slope of the regression of |R-L| on(R+L)/2, trait size) 

for multiple traits of H. pusillus  
Sex (R-L) |R-L| 

 Trait N mean±SE skew±SE kurtosis±SE t test  

(P) 

Slope 

(SE; P) 

Males lb palp 
71 -0.07±0.16 -0.20±0.28 6.30±0.56 

-0.44 

(0.67) 

0.23 (0.21; 0.29) 

 mx palp 
71 -0.07±0.11 -0.58±0.28 6.58±0.56 

-0.63 

(0.53) 

0.40 (0.21; 0.07) 

 Ant Ist 
72 -0.13±0.19 1.38±0.28 8.30±0.56 

-0.66 

(0.51) 

-0.26 (0.21; 0.23) 

 Ant IInd 
70 -0.04±0.14 -0.90±0.28 10.64±0.57 

-0.24 

(0.81) 

0.35 (0.22; 0.12) 

 Eye w 72 0.15±0.11 0.81±0.28 5.73±0.56 1.28 (0.20) -0.68 (0.20; 0.002) 

 Tr III 72 0.07±0.13 0.60±0.28 7.22±0.56 0.47 (0.64) -0.42 (0.21; 0.051) 

 Fm III 72 0.09±0.09 -0.57±0.28 7.32±0.56 0.95 (0.34) -0.04 (0.21; 0.84) 

 Tb III 71 0.04±0.03 -0.06±0.28 3.76±0.56 0.77 (0.45) -0.21 (0.21; 0.33) 

 Ts III 71 0.36±0.17 2.27±0.28 9.77±0.56 1.99 (0.05) -1.26 (0.16; < 0.0001) 

 Fm II 71 0.13±0.06 0.39±0.28 3.11±0.56 1.99 (0.05) -0.67 (0.19;  0.001) 

 Tb II 71 0.13±0.06 2.35±0.29 7.64±0.56 1.98 (0.05) -1.44 (0.14; < 0.0001) 

 Ts II 
72 -0.15±0.25 0.63±0.28 1.92±0.56 

-0.61 

(0.54) 

-0.15 (0.19; 0.47) 

 Fm I 69 0.06±0.07 -1.46±0.29 5.68±0.57 0.77 (0.45) 0.37 (0.21; 0.09) 

 Tb I 72 0.01±0.05 1.14±0.28 5.58±0.56 0.26 (0.79) -0.49 (0.21; 0.02) 

 Ts I 72 0.25±0.17 0.87±0.28 5.94±0.56 1.46 (0.15) -0.69 (0.20;  0.001) 

 El l 72 0.08±0.05 0.99±0.28 3.86±0.56 1.54 (0.13) -0.86 (0.19; < 0.0001) 

 El w 67 0.17±0.08 3.28±0.29 13.72±0.58 1.98 (0.05) -1.70 (0.12; < 0.0001) 

 ds Pr 69 0.19±0.09 0.05±0.28 1.89±0.57 1.96 (0.05) -0.62 (0.20; 0.003) 

 vn Pr 
70 -0.02±0.12 -0.78±0.28 2.68±0.57 

-0.14 

(0.89) 

0.36 (0.19; 0.07) 

 Pg 72 0.24±0.16 0.89±0.28 4.37±0.56 1.52 (0.13) -0.81 (0.19; < 0.0001) 
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Females lb palp 49 0.16±0.27 0.16±0.34 2.64±0.67 0.56 (0.57) -0.30 (0.24; 0.24) 

 mx palp 
49 -0.12±0.24 -0.79±0.34 4.59±0.67 

-0.51 

(0.61) 

0.47 (0.25; 0.07) 

 Ant Ist 
47 -0.04±0.17 -0.15±0.35 3.95±0.68 

-0.22 

(0.82) 

0.16 (0.26; 0.55) 

 Ant IInd  
44 -0.13±0.17 -0.47±0.36 11.19±0.70 

-0.76 

(0.45) 

0.54 (0.28; 0.07) 

 Eye w 49 0.21±0.14 1.58±0.34 5.69±0.67 1.49 (0.14) -1.14 (0.22; <0.0001) 

 Tr III 49 0.15±0.31 3.34±0.33 19.08±0.67 0.48 (0.63) -1.039 (0.22; <0.0001) 

 Fm III 
49 -0.003±0.08 -0.15±0.34 5.13±0.67 

-0.03 

(0.97) 

-0.007 (0.25; 0.98) 

 Tb III 49 0.11±0.10 0.82±0.34 3.90±0.67 1.05 (0.29) -0.69 (0.24; 0.006) 

 Ts III 
48 -0.01±0.22 1.12±0.34 5.47±0.67 

-0.06 

(0.95) 

-0.37 (0.24; 0.14) 

 Fm II 49 0.06±0.15 1.36±0.34 10.14±0.67 0.36 (0.72) -0.46 (0.24; 0.06) 

 Tb II 
49 -0.01±0.14 0.83±0.34 8.39±0.67 

-0.08 

(0.94) 

-0.22 (0.26; 0.41) 

 Ts II 
45 -0.17±0.20 -0.51±0.35 6.88±0.70 

-0.80 

(0.43) 

0.48 (0.27; 0.09) 

 Fm I 49 0.07±0.09 0.53±0.34 3.94±0.67 0.75 (0.46) -0.42 (0.25; 0.10) 

 Tb I 49 0.08±0.11 2.27±0.34 11.03±0.67 0.72 (0.48) -0.92 (0.22; <0.0001) 

 Ts I 48 0.47±0.27 0.81±0.34 6.47±0.67 1.74 (0.09) -0.98 (0.24;  <0.0001) 

 El l 
48 -0.007±0.108 -0.80±0.34 3.17±0.67 

-0.07 

(0.94) 

-0.40 (0.24; 0.10) 

 El w 
47 -0.24±0.19 -0.15±0.35 2.23±0.68 

-1.20 

(0.24) 

0.44 (0.24; 0.07) 

 ds Pr 49 0.21±0.15 0.19±0.34 1.31±0.67 1.39 (0.17) -0.49 (0.23; 0.04) 

 vn Pr 49 0.12±0.07 0.89±0.34 3.24±0.67 1.73 (0.09) -1.04 (0.22; <0.0001) 

 Pg 44 0.29±0.14 1.74±0.36 3.67±0.70 2.01 (0.05) -1.48 (0.18; <0.0001) 

 

 

6.4.2 Stress related multi-trait FA patterns  

In rice paddy the lowest FA was recorded by tibia III (0.24±0.05; n= 121) while in 

reservoir by elytral length (0.02±0.005; n= 40). Labial palp had the highest FA in both, 

paddy and reservoir (0.78±0.13 and 0.25±0.05 respectively). Cluster analysis showed that 

thorax traits (tibia III, elytra, femur I , tibia I, femur III, tibia II and femur II) were close 

related in terms of FA and clearly separated from head segments (antenna, labial and 

maxillary palp) in both habitats (Fig. 6.2).  

Insect legs are composed of different segments, and therefore they are structurally more 

complex than other features. In order to determine if there is any influence of structural 

complexity on FA, the average leg asymmetry was compared with other characters with a 

less complex architecture. Significant differences were recorded among these characters 

in rice field, and in reservoir (KW test, χ
2
 = 12.97, df= 6, P= 0.044 and χ

2
 = 13.73, df= 6, 

P= 0.033, respectively). A graphical inspection showed that legs have usually less FA 

than other traits. Moreover, elytra FA behaved similarly (Fig. 6.3).  
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Fig. 6.2. Single linkage cluster analysis (built on Euclidean distances) showing the 

relationship between the unsigned asymmetry of multiple traits of H. pusillus in: (a) in 

rice field (n= 121) and (b) in reservoir (n= 40).  

 

 

For paddy population, a number of significant correlations in FA were found between 

different traits (Table 6.3). These correlations were improved by using hypothetical 

repeatability concept, after Whitlock (1996, 1998). Therefore patters in FA were 

transformed in patterns in developmental instability Whitlock (1996).  Legs‟ segments 

showed significant interconnected asymmetries, with higher values between closer traits 

(e.g. tibia I and tibia II), and lower between more distanced ones (e.g. tibia I and tibia III). 

Significant correlations occurred between segments of the same leg (e.g. tibia II and 

femur II) (Table 6.3). 

In reservoir, while the majority of thorax segments clustered together (Fig. 6.2b), less 

significant correlations were observed (Table 6.3). 
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Fig. 6.3. Comparison between mean asymmetry of complex (e.g. legs) and less complex 

major traits of H. pusillus in (a) rice field (n= 121) and (b) reservoir (n= 40).  

 

 

Table 6.3. Between-trait correlation in unsigned FA, and presumed developmental 

instability (DI) of H. pusillus. Spearman´s rank correlations (ρ) and the transformed 

correlations (r) after calculating the hypothetical repeatability (Whitlock, 1996, 1998) 

were used to reveal patterns in FA and developmental instability.  The significance level 

was conserved after transformation  

Habitat Traits  ρ (r) P 

Rice field  

Ant I
st
 - El l 

 

0.20 (0.37) 

 

0.03 

 Tb I- Tb II 0.23 (0.41) 0.01 

 Tb II- Tb III 0.22 (0.39) 0.01 

 Tb I- Tb III 0.19 (0.34) 0.04 

 Tb II- Fm II 0.19 (0.34) 0.03 

 El l - Fm III 0.18 (0.34) 0.04 

Reservoir  

lb palp-Tb II 

 

0.47 (0.61) 

 

0.002 

 

 

Our results showed also that there was a significant concordance between the asymmetry 

of legs and other traits in rice field (Kendall W= 0.019, χ
2
 = 12.65, df= 6, P= 0.049), but 
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not in reservoir (Kendall W= 0.07, χ
2
= 10.44, df= 6, P> 0.05). Despite of this, an overall 

concordance among traits of the two studied populations was found (W=0.12, χ
2
 = 52.26, 

df= 19, P< 0.0001), indicating the existence of a population asymmetry pattern. 

 

 

6.4.3 FA patterns within sexes 

  A total of twenty traits asymmetry of H. pusillus males and females were 

compared in order to determine if there are patterns of developmental instability related to 

sex. Male tibia III and female pronotum-ventral carinae recorded the lowest FA values 

(0.18±0.04 and 0.21±0.06, respectively). The highest FAs corresponded to male tarsus II 

(1.17±0.21) and female labial palp (0.99±0.24) (Fig. 6.4). Genital segment, which 

belongs to abdomen, showed an intermediary FA level among all studied traits in both, 

males and females.  
  

 

 

 
Fig. 6.4. Between-sex distribution of unsigned fluctuating asymmetry of major H. 

pusillus traits. 

 

 

There were few differences in trait FA between males and females: tarsus II showed a 

significantly higher FA in males than females (U test, Z= -2.17, P= 0.03), similarly to 

ventral pronotum (Z= -2.54, P= 0.01). On contrary elytral width of females showed a 

significantly higher FA comparatively with that of males (Z= -3.34, P= 0.001) (Fig. 6.4). 

 

Conversely, there were significant correlations between traits FA within sexes (Table 

6.4). High FA correlations occurred between neighbor segments and traits with similar 

function (e.g. femur II and femur III; femur III and elytra). Both sexes showed a close 

relationship between elytral length and femur III and between eye width and pronotum 

dorsal carinae.  
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Table 6.4. Multiple traits FA correlations within H. pusillus sexes, showing close 

relationships between neighbour traits and ones with close-related functions 

Males Females 

traits ρ (r) P traits ρ (r) P 

      

lb palp- vn Pr  0.25 (0.49) 0.04 lb palp- Ant II
nd

  0.47 (0.84) 0.001 

lb palp- Tb II 0.32 (0.56) 0.008 mx palp- Tb I 0.31 (0.57) 0.03 

Ant I
st
- El l 0.40 (0.72) < 0.001 Ant I

st
- Ts I 0.31 (0.54) 0.03 

Eye- ds Pr  0.25 (0.45) 0.03 Eye- ds Pr  0.45 (0.84) 0.001 

Eye- Tb III 0.26 (0.46) 0.03 Tb I- Tb II 0.33 (0.61) 0.02 

vn Pr- Ts II 0.26 (0.55) 0.02 Tb I- Ts II 0.39 (0.69) 0.008 

Fm II- Fm III 0.28 (0.52) 0.02 Tb II- Fm II 0.45 (0.84) 0.001 

Tr III- Fm III 0.29 (0.53) 0.01 Tb II- Tb III 0.35 (0.64) 0.01 

Fm III- El w 0.28 (0.49) 0.02 Tb II- Pg 0.36 (0.63) 0.01 

Fm III- El l 0.28 (0.51) 0.02 Fm II- Ts II 0.32 (0.58) 0.03 

   Fm III- El l 0.34 (0.66) 0.01 

   Tb III- El l 0.41 (0.78) 0.004 

 ρ represents Spearman correlation and r, the transformed correlation after using hypothetical 

repeatability. 

 

 

6.4.4 Proximal-distal FA pattern 

Taking into account that insect leg growths on a proximal-distal axis, we attempt to 

determine if there is any proximal-distal (PD) gradient of asymmetry. Traits that are 

determined later in development may increase their susceptibility to development 

instability. Going from this premise, we expected a lower FA for traits proximal to the PD 

body axis, rather than for more distal ones. A lack of significant differences was detected 

in this sense for the first and third leg of males (KW test, χ
2
= 1.30, df= 2, P> 0.05 and χ

2
= 

5.16, df= 3, P> 0.05, respectively) and for all legs of females (χ
2

leg I= 1.06, df= 2, P> 

0.05; χ
2
 leg II= 4.143, df= 2, P> 0.05 and χ

2
 leg III= 3.77, df= 3, P> 0.05). The second leg of 

H. pusillus males showed that its segments changed significantly their FA levels (KW 

test, χ
2
= 9.47, df= 2, P= 0.009). Specifically, males‟ tarsus II had a significantly higher 

FA than femur II or tibia II (Fig. 6.4).  

 

 

6.5 Discussion 

 

The results showed that asymmetry measurements in H. pusillus traits represented 

true fluctuating asymmetry. The relatively high kurtosis recorded for some traits, may 

well be due to either a mixture of individuals with low and high FA, or individuals with 

FA and antisymmetry, both cases being very difficult to discriminate (Palmer and 

Strobeck, 1992). This appears to be in agreement with Leung and Forbes (1997) which 
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found that leptokurtic distributions can indicate individuals subject to environmental 

stress, alike to the ideal FA.  

 

6.5.1 Stress related multi-trait FA patterns  

A previous study showed that H. pusillus is generally more stressed in rice 

paddies from Monegros than in other type of waterbodies (see chapter 5). In both habitats, 

a low FA was observed for traits which are highly functional (e.g. elytra and tibia III). 

They generally need a precise development, elytra being important for balance in flight, 

while tibias of the last pair of legs are important drivers of swimming. Similar low FA in 

highly functional traits was also observed in higher predator groups such as amphibians 

(Söderman et al., 2007). These types of traits are likely to be under stabilizing natural 

selection, a plausible explanation as to why their low levels of FA.  

Several traits belonging to the insect head, i.e. antenna I
st
, labial and maxillary palps, 

which are characters with sensorial function, exhibited the highest asymmetry in both 

habitats. This suggests that an ideal development is less important for these traits, thus 

they are more prone to stress and developmental errors. A trait specific susceptibility to 

increased FA has normally been attributed to different degrees of developmental stability, 

which could be caused by functionality and different modes of selection (Aparicio and 

Bonal, 2002). The degree of development of a trait depends on the amount of resources 

allocated to growth, therefore its asymmetry may reflect also stressful conditions 

experienced during growth (Aparicio, 2001). However, because this type of structures 

seems to respond to a higher degree to environmental/genetic stress, they can ultimately 

be regarded as reliable biosensors. 

Traits belonging to thorax clustered together in terms of FA, in both habitats, 

indicating that they do not represent independent growth events. Likewise femur, tibia 

and elytra were close related, likely a reflection of common developmental pathway. It 

was suggested that negative feedback mechanisms may be responsible for the control of 

the development of the right and left side of a trait in order to achieve the stability 

(Swaddle and Witter, 1997). Natural selection may have favored the evolution of 

feedback mechanism that operates between traits, in order to maintain stable their 

development (Nijhout and Emlen, 1998). Depending on the strength this presumed 

feedback, patterns in FA in one trait could possibly affect the development of a second 

one. 

Legs showed significantly lower FA comparing with other features in both studied 

habitats. This is likely an indication of their complex structure as traits with more 

structural components per unit of length can show lower asymmetry than more simple 

ones (Aparicio and Bonal, 2002). It has also been suggested that the expression of FA not 

only depends on developmental stability, but also on the cost of trait growth, defined as 

the amount of structural components necessary to form a unit of length in a given trait 

without considering ecological costs (Aparicio and Bonal, 2002). A low FA of these 

important traits can determine species adaptation and survival in new environments, such 

as rice paddies. 
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In this habitat, there were significant between-trait FA correlations which confirmed a 

break up of developmental stability as expected in rice paddy population of H. pusillus 

(see chapter III). Therefore FA is a good marker of developmental stress. Moreover, 

concordance between traits FA confirmed the presence of an individual asymmetry 

pattern (IAP), which means that individuals from paddies have same genetic 

characteristics and therefore common developmental control ability to fight against stress. 

Similarly, developmentally related traits were reported in aquatic predators which 

experiment high environmental pressure (Söderman et al., 2007). This further points out 

towards a generality of this effect across distant taxa in the animal kingdom, possibly 

having a common genetic substrate that was conserved in evolution.  

Individuals from storage pond showed weak correlations and lack of concordance 

between-trait FA. Sample size limitation in this case (n= 40) may difficult an accurate 

interpretation. However, a failure to detect an IAP is consistent with previous studies. 

Clarke (1998) pointed out that a concordant response to stress is less likely as the 

developmental noise impact on different traits is random regardless of whether the genetic 

basis of stability is genome wide or character dependent.  Significant differences between 

individuals maybe expected if the genetic differences or exposure to environmental 

disturbance between individuals are large enough (Clarke, 1998). Despite of the fact that 

this population showed absent IAP, significant concordance occurred between-trait FA of 

individuals from the two studied habitats, supportive of a general population asymmetry 

pattern (PAP). Population asymmetry parameter implies a concordance of asymmetries 

between populations, but not necessarily within populations Soulé (1967). Palmer and 

Strobeck (1986) alleged differences in FA may be readily detected between individuals of 

different populations rather than within the same population unless the level of FA is 

determined by only a few loci. Genetically more heterogeneous are the individuals less 

asymmetry is expected for them. However, our study did not target this question; we 

agree that the differences in FA between populations observed in previous studies may 

depend on the magnitude of environmental variation experienced during development 

rather than on the level of genetic differentiations for the genetic factors controlling 

development. 

Our results highlight the fact that H. pusillus FA patterns are a characteristic of 

this species and its ability to withstand environmental or genetic stress. 

 

6.5.2 Sex-related FA patterns 

Only few traits showed significant differences between sexes. Two of them showed 

higher FA in males than females (e.g. tarsus II and ventral pronotum) contrary to elytral 

width. While this is not a generalized multi-trait response, it indicates that H. pusillus FA 

response to stress is not sex related. Moreover, last abdominal segment FA with role in 

protecting genitalia did not changed among sexes. This is similar to other studies which 

did not find difference in FA between sex-related and ordinary morphological traits 

(Bjorksten et al., 2000).  

Within sexes, significant between-trait FA correlations followed a functional importance 

and neighbor effect. Several of them were common for both sexes. This is in line with 
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similar observations in other insects (Van Dongen et al., 1999) presumably being the 

reflection of distance-related feedback of nearby body somite. Traits belonging to same 

leg (e.g. femur II and tibia II) were significantly related, suggesting a common 

development. These characters may have linked genetic expression. An interesting 

correlation was also observed between female antenna I
st
 and Ts I. Insect leg and antenna 

are homologous structures that are thought be evolved from a common ancestral 

appendage (Cummins et al., 2003), therefore they may have kept a high filogenetical 

relationship. This idea merits however further testing using genomic or proteomic 

approaches.  

Despite of the fact that legs in insects develop on proximal-distal axis, the asymmetry did 

not follow this gradient, refuting our initial expectations. Traits that appear early in 

development do not differ from later ones, in terms of FA. 

Overall our results showed that patterns in multiple trait FA in H. pusillus are similar 

between different populations with the same capacity to withstand stress. Therefore if 

populations are asymmetric for one character are likely to experience asymmetry on other 

characters also. Patterns of developmental and functional integration were highly 

concordant, suggesting that strong selection for developmental homeostasis favors 

concordant channeling of both internal and external variation. This generalist response of 

H. pusillus to environmental or genetic stress may explain species widespread 

distribution. A similar genetic background may help individuals to adapt to different 

types of aquatic habitats. Moreover to confirm this, additional information on the level of 

population heterozygosity and heritability of observed patterns is needed. 
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7.1 Abstract 

 

Amphibians are sensitive indicators of habitat degradation. Understanding their dietary 

patterns in altered landscapes is fundamental for the efforts to decrease their habitat loss 

worldwide. A stomach content analysis was conducted on Pelophylax perezi, an endemic 

anuran heavily colonizing rice fields of Monegros, an arid region in NE Spain. The 

taxonomic range of prey consumed by this species was compared with prey availability 

and dietary changes were evaluated among frog size groups. Small adult insects 

(dipterans, coleopterans, ants and heteropterans) were the main diet, indicating an active 

foraging mode without preference for any prey taxa. Larger frogs consumed more prey 

volume, but relatively fewer prey than smaller individuals. A large niche breadth was 

recorded for all groups. Food partitioning was lowest between distant size groups. 

Maximum prey size was significantly related to morphological constraints such as frog 

size and mouth width. Bigger frogs preyed on larger items while also foraging on smaller 

ones, indicating no selection of prey size. Overall, P. perezi had a generalist feeding 

pattern dictated mainly by prey availability. These food habits may help the species 

persist in the agricultural landscape of this arid region. 

 

 

Key words: Pelophylax perezi, diet, electivity, niche breadth, prey size selection, rice 

paddies, Monegros arid region  
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7.2 Introduction 

 

One of the major threats to amphibian populations worldwide is agricultural land 

use, causing habitat degradation and loss and contributing to the decline of many species 

(Green, 1997; Collins and Crump, 2009). Owing to a biphasic life, anurans are important 

components of the food-webs in both aquatic and terrestrial environments. The expansion 

of land cultivation associated with habitat modifications such as increased mechanization, 

irrigation and agrochemical use, have influenced anuran feeding ecology by decreasing 

the number of foraging habitats (Joly et al., 2001). In this scenario, studies on 

fundamental aspects of their life history in impacted habitats are becoming increasingly 

important.  

Amphibians are usually regarded as generalist predators, categorised as either 

active foragers searching for their prey or more sedentary, „sit-and-wait‟ foragers 

(Duellman and Trueb, 1986). Their dietary patterns are regulated by extrinsic factors such 

as prey availability, presence of competitors and predation risks, and by intrinsic factors 

such as morphological constraints resulting from ontogeny, body size and specialization 

(Hirai and Matsui, 1999). Body size can affect foraging in several ways, including 

size/age related foraging ability and prey choice (Duellman and Trueb, 1986); in small 

frogs, gape size limits their range of prey relative to the food available in the habitat 

(Newman, 1999). 

Pelophylax perezi is an anuran endemic to the Iberian Peninsula and southern 

France. The species is vulnerable to land use change and agricultural management (Pastor 

et al., 2004), which resulted in population declines in some areas (Crochet et al., 2004). 

Yet in Monegros, an arid region of NE Spain, P. perezi became the most common 

amphibian in areas irrigated in the 1960s (Pedrocchi, 1998). However, very little is 

known about the diet of P. perezi, a key factor that affects all aspects of species life 

histories. Previous studies of P. perezi feeding habits have reported a generalist diet, 

based primarily on small preys (3-6 mm; Hódar et al., 1990), the most common taxa 

being dipterans, coleopterans and hymenopterans (Lizana et al., 1986; Jover, 1989). The 

aim of the present study was to determine the taxonomic range of prey consumed by P. 

perezi, and to evaluate qualitative and quantitative changes in the diet among frog size 

groups inhabiting rice fields of Monegros. As rice cultivation generally yields a high 

abundance of arthropods, we hypothesized that prey size and number would be correlated 

with body size. We predicted that larger individuals would eat a wider variety of prey 

items, and that they eat more and larger prey than smaller frogs. This information could 

be a preliminary step in the analysis of ranid community structure on the basis of food 

utilization in rice fields of arid regions. 

 

 

7.3 Study area and methodology 

 

8.3.1 Area description 



Feeding habits of Iberian green frog in Monegros rice paddies 

119 

 

Monegros (NE Spain) is one of the most arid regions in Europe (Herrero and Snyder, 

1997). It lies in the central part of the Ebro river basin, surrounded by three mountain 

ranges: the Pyrenees in the north, the Iberian chain in the southwest and the Catalonian 

coastal ranges in the southeast. The long-term average annual temperature is 14.5º C, with 

extremes from -15º C to above 43º C. The mean annual rainfall is low (360 mm), 

concentrated mainly in spring and autumn and characterised by high inter-annual 

variability (Comín and Williams, 1993).  

During the last three decades, the land use in Monegros has been increasingly 

devoted to intensive agricultural practices, rice being one of the main crops. The region 

has been identified to be particularly vulnerable to human and climate-induced land 

degradation (Macklin et al., 1994).  

 

8.3.2 Sampling of P. perezi and stomach content analysis 

A total of 151 individuals of P. perezi between 21-86 mm in length were captured with a 

hand net during 12 censuses between 4 July and 26 September 2003 (after the 

reproductive season) in five rice-growing areas of San Juan del Flumen, central Monegros 

(N 41°46.4´; W 00°12.8´; 300 m a.s.l.), about 2 km apart. Immediately after capture the 

individuals were stomach flushed for at least three times until no additional items were 

obtained (following Legler and Sullivan, 1979). The volume of stomach contents was 

estimated to the nearest 0.1 ml by measuring the volume of water displaced by the total 

food content in a graduated cylinder. The stomach contents were then preserved in 70% 

ethyl alcohol. Ten frogs had empty stomachs and were disregarded from further analysis. 

For each frog we recorded snout-vent length (SVL) and mouth width to the nearest 0.5 

mm, and body mass to the nearest 0.1 g. Individuals were toe clipped to avoid recapturing 

and released at their sites of collection. In the laboratory, the prey items were identified to 

the lowest possible taxonomic level allowed by their state of digestion. Next, the preys 

were counted and measured for their total length to the nearest 0.1 mm with an electronic 

calliper. 

In order to estimate prey availability we deposited a total of 10 yellow pan traps 

(25 cm diameter/ 1 cm depth) spaced 25m apart on rice paddies borders of the five frog 

capture areas. This method involves yellow dishes filled with soapy water which serve as 

both attractant and pitfall traps (Le Berre and Roth, 1969). Sampling was conducted two 

days/month (24 hours each), simultaneously with frog collection. We assumed that the 

technique provided a good approximation of prey availability, because it reliably 

collected beetles and ants, which are important food items for P. perezi et al., 

1990). Additionally, 1 m² net sweeps (1 mm mesh size) were conducted to assess the 

availability of aquatic prey. 

 

7.3.3 Data processing 

Frogs were divided into four size groups: 1: ≥31 mm (n= 37), 2: 32- 34 mm (n= 38), 3: 

35-39 mm (n= 28) and 4: ≥40mm (n= 38). The first group is represented by young 

postmetamorphs, followed by juveniles (groups 2 and 3), while the fourth group were 

considered adults. Data analysis included qualitative (diet composition, electivity, niche 
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breadth and overlap) and quantitative (diet optimization and prey-frog morphologic 

relationships) evaluations. 

The main prey items (ants, dipterans and coleopterans) of P. perezi were 

compared along latitudinal gradient by using % coefficient of variation (%CV) and 

Pearson product-moment correlation coefficient (r). The correlations, together with 95% 

confidence intervals (CI) were estimated after 997 bootstrap resampling. This procedure 

involves repeating the correlation on different samples randomly drawn from the original 

dataset to construct 95% CI. It is expected to reduce the bias in the analysis due to 

season/habitat influence. 

In order to determine the degree of relationship between prey availability and diet 

composition, we calculated Ivlev´s electivity index (Ivlev, 1961): E= (ri-pi)/(ri+pi), where 

(r) is the proportion of i prey item in the diet, and (p) is its proportion in the environment. 

This index scales symmetrically from -1 (avoidance) to 1 (preference), with 0 

representing non-selection.  

Dietary niche breadth of each frog group helped to determine dietary changes 

along development; we used Smith niche breadth index (Smith, 1982) with 95% 

confidence intervals: (1/

1

2)( )i i

n

i

NB p q , where pi is the proportion of the resource i used, 

qi is the proportion of resource i available, and n is the number of prey categories. NB 

values vary between 0 and 1; the higher the value, the broader the niche, and the less 

selective the consumer. 

The degree of similarity in prey use between frog groups was determined using 

the niche overlap index (Lawlor, 1980): 
2 2

1 1 1

n nn

ij kj ij kj

i i i

O a a a a , where aij refers to 

the proportion of resource j used by individual i divided by the proportion of resource j 

available; akj is defined similarly for a second frog size group. The index values range 

from 0 to 1, with 1 indicating identical resource use. Values of niche overlap are 

presented in %.  

Prey number and volume of stomach contents were compared between frog 

groups by Kruskal-Wallis nonparametric ANOVA. Additionally, we examined the 

relationships between frog morphometric characteristics (body size, mass and mouth 

width) by quadratic regressions and between frog morphology and prey size by linear 

regressions and Pearson correlations. Only frogs with at least two prey items in their 

stomachs (allowing maximum and minimum size estimations) were included in this 

analysis. Furthermore, stomach content volume was correlated with frog size and body 

mass. All analyses were performed in Statistica and SPSS packages for Windows. 

 

 

7.4 Results 

 

Altogether 2514 preys (mean= 17.83±14.75 SD preys per stomach) assigned to 45 

taxa were identified in 141 stomachs of P. perezi. In general, the stomachs contained a 
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large number of small preys (Fig. 7.1). Adult insects made substantial contribution to the 

diet (96.56%), with the remaining 3.44% being represented by other small arthropods 

(e.g. spiders and ostracods) and molluscs (snails). Insect larvae and pupae represented 

only 7.32% and 0.91%, of all prey items, respectively.  

 

 

 
 

Fig. 7.1. Mean prey number and size of the main food taxa in the diet of Pelophylax 

perezi. Inset is a frequency distribution of mean prey size. 

 

 

The dominant type was terrestrial, including ground-dwelling and aerial prey 

items (71.36%), followed by aquatic prey (28.64%). Dipterans recorded the highest 

numerical dominance and frequency of occurrence, followed by coleopterans, 

hymenopterans (mainly ants) and heteropterans (Table 7.1).  

 

 

Table 7.1. Diet spectrum of Pelophylax perezi (n=141) in Monegros rice fields, based on 

stomach content analysis 

Prey taxon No. N (%) F F (%) 

Class Insecta   

1521 

 

60.50 

  

82.98   Ord. Diptera Subord. Nematocera (others) 117 
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 Fam. Chironomidae 6 0.24 2 1.42 

 Fam. Ceratopogonidae 2 0.08 2 1.42 

 Subord. Brachicera 262 10.42 71 50.35 

      

      

 Fam. Tabanidae 1 0.04 1 0.71 

  Ord. Co1eoptera Fam. Hydrophilidae 87 3.46 47 33.33 

 Fam. Dytiscidae 85 3.38 48 34.04 

 Fam. Hydraenidae 13 0.52 10 7.09 

 Fam. Anthicidae 11 0.44 5 3.55 

 Fam. Staphylinidae 9 0.36 8 5.67 

      

      

      

 Fam. Carabidae 8 0.32 5 3.55 

 Fam. Scolytidae 4 0.16 3 2.13 

 Fam. Curculionidae 2 0.08 2 1.42 

 Fam. Coccinelidae 1 0.04 1 0.71 

      

 Fam. Hysteridae 1 0.04 1 0.71 

 Fam. Scarabeidae 1 0.04 1 0.71 

 Fam. Ostomidae 1 0.04 1 0.71 

 Fam. Chrysomelidae 1 0.04 1 0.71 

 others 21 0.84 19 13.48 

  Ord. Dermaptera Fam. Forficulidae 3 0.12 3 3.55 

  Ord. Hymenoptera Subord. Apocrita (others) 4 0.16 4 2.84 

 Fam. Formicidae 183 7.28 54 38.30 

      

 Subord. Symphyta 6 0.24 3 2.13 

      

  Ord. Heteroptera Fam. Gerridae 54 2.15 29 20.57 

 Fam. Pleidae 41 1.63 22 15.6 

 Fam. Corixidae 30 1.19 18 12.77 

 Fam. Veliidae 26 1.03 15 10.64 

 Fam. Mesoveliidae 15 0.60 8 5.67 

 Subord. Geocorisae  11 0.44 10 7.09 

 Subord. Hydrocorisae  3 0.12 3 4.96 

 Fam. Acanthosomatidae 2 0.08 2 1.42 

 Fam. Aphelocheiridae 1 0.04 1 0.71 

 Fam. Notonectidae 1 0.04 1 0.71 

 others 3 0.12 3 4.96 

  Ord. Homoptera Fam. Aphidae 5 0.20 5 3.55 

  Ord. Lepidoptera moths/butterflies 2 0.08 2 2.13 
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  Ord. Odonata Subord. Zygoptera 4 0.16 3 2.13 

  Ord. Colembola springtails 1 0.04 1 0.71 

  Ord. Thysanoptera thrips 1 0.04 1 0.71 

  Ord. Mallophaga bird louse 2 0.08 2 1.42 

Class Arachnida      

  Ord. Araneae others 28 1.11 28 21.99 

 Fam. Opilionidae 2 0.08 2 1.42 

 Subord. Hydracarina 17 0.68 6 4.26 

      

Class Ostracoda ostracods 7 0.28 4 2.84 

Class Gastropoda Fam. Planorbiidae 19 0.76 19 14.18 

 Fam. Limneidae 6 0.24 4 2.84 

TOTAL    2514  141  

No.= number of items; N%= numeric proportion of different prey items; F= frequency of 

occurrence, defined as the number of frogs preying on a particular type of food; F%= 

percentage of occurrence.  

      

The amount of dipterans, however, in our study appeared to reach a higher proportion 

when compared to other P. perezi populations and also showed a high variation between 

locations (%CV= 71.17; Table 7.2). The proportion of ants tended to decrease with 

increasing latitude (r= -0.83, p= 0.04, 95% CI= -1.00– -0.22; Table 7.2). Beetles 

accounted for a rather low proportion when compared to other studies covering the same 

period (%CV= 85.83; Table 7.2). 

 

 

Table 7.2. Variation in the proportions of ants and other dominant preys of Pelophylax 

perezi diet along latitudinal gradient 

Study area Latitude No. 

frogs 

Period Formicidae 

(%) 

Diptera 

(%) 

Coleoptera 

(%)  

Reference 

Bizkaia+ 43ºN 65 autumn 1.03  40.18 3.09 Docampo and Vega, 

1990 

Monegros++ 41ºN 141 July- 

Sept. 

7.28 71.28 9.76 this study 

Girona 41ºN - - - 6.74 49.16 Bea et al., 1994 

Salamanca+ 40ºN 199 

(*) 

July- 

Sept. 

14 31.00 18.32 Lizana et al., 1986 

Aveiro++ 40ºN 70 Feb.- 

Apr. 

28.50 ~ 9.20 7.50 Anastácio and 

Ferrand d´Almeida, 

1995 

Alicante 38ºN - one year 17.40 - - Hernández and 

Seva, 1985  

Granada+ 37ºN 135 Mar.- 

Oct. 

37.78 45.93 54.07 Hódar et al., 1990  

The symbols represent: 
+
natural (rivers, wetlands), and 

++
artificial (rice paddies, 

permanent artificial ponds) habitats.  
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(*) represents number of frogs sampled over the entire study period (February- 

December). 

 

 

To compare the recorded diet with prey availability, a total of 4296 potential prey 

items belonging to 11 taxa were analysed, present in the environment as well as found in 

stomachs (Fig. 7.2). The electivity index shows that frogs had no apparent preference for 

any taxon (E< 0.5, Fig. 7.2). Bugs, dipterans and beetles were the most eaten available 

prey (E= 0.38, E= 0.37, E= 0.31 for hymenopterans, dipterans and coleopterans, 

respectively; Fig. 7.2 and Table 7.1). Very small items such as springtails and aphids 

were generally avoided (E values close to -1; Fig. 7.2). 

 

 

 
Fig. 7.2. Ivlev´s electivity index values for the main prey groups in the diet of Pelophylax 

perezi. 

 

 

Pelophylax perezi had a relatively broad diet with similar niche breadth values along 

post-larval development stages: group 1, NB= 0.71 (0.47-0.88 confidence intervals); 

group 2, NB= 0.79 (0.58-0.93); group 3, NB= 0.75 (0.52-0.91) and group 4, NB= 0.75 

(0.52-0.91). A relatively high niche overlap was recorded between size groups 1 and 2 

(88.82%), followed by groups 2 and 3 (88.29%), 1 and 3 (85.77%), 2 and 4 (75.12%), and 

3 and 4 (71.62%); the lowest overlap was between groups 1 and 4 (58.27%). Significant 

differences in stomach content volume and ingested prey numbers were observed 

between frog size classes (Kruskal-Wallis test, χ²= 20.61, df= 3, p< 0.01 and χ²= 28.28, 

df= 3, p< 0.01, respectively). Larger individuals ate fewer preys but had significantly 

larger stomach content volumes than smaller ones (Fig. 7.3). Dipterans recorded a 
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significant decrease in number towards adult stages (Kruskal-Wallis test, χ²= 15.65, df= 

3, p= 0.001).  

 

 

 

 
 

Fig. 7.3. Variations in (a) mean prey number and (b) average volume of stomach content 

between frog size groups. Figures represent mean values with 95% CI. 

 

 

Mouth width and body mass increased with SVL (r
2
= 0.96, p< 0.01; r

2
= 0.99, p< 

0.01; quadratic relationships). Body size, mouth width and body mass showed significant 

correlations with mean prey size (r= 0.49, p< 0.01; r= 0.42, p< 0.01 and r= 0.39, p< 0.01, 

respectively) and maximum prey size (Fig. 7.4). Minimum prey size was weakly 

associated with SVL and mouth width, but not with frog mass. Moreover, large frogs 

reduced the intake of very small prey (Fig. 7.4). The total prey volume was positively 

associated with SVL, body mass and mouth width (r= 0.33, p< 0.01; r= 0.31, p< 0.01 and 

r= 0.29, p< 0.01). 
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Fig. 7.4. Linear regressions of maximum and minimum prey size against: (a) frog size, 

(b) mouth width and (c) frog mass, with the correspondent fit lines, Pearson product 

correlation coefficients and p values. 
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7.5 Discussion 

 

The high intake of adult insects such as flies and midges suggests an active search 

as foraging strategy (Berazategui et al., 2007). A comparison of the importance of 

dipterans, beetles and ants with literature data showed a large amount of variability 

between populations/regions (Table 7.2). The proportion of dipterans in the diet appeared 

to be high compared to other P. perezi populations (Table 7.2), which is likely a reflection 

of dipteran abundance in the environment. Ants showed a tendency to decrease with 

increasing latitude (Table 7.2), which is consistent with Hernández and Seva (1985) who 

reported similar findings for members of the genus Rana. The number of ant species 

generally decreases significantly with increasing latitude together with an increase in 

body size (Cushman et al., 1993), and the diet of P. perezi might reflect ant abundance 

even across relatively short latitudinal gradients. Given the lack of information on prey 

availability it is impossible to fully establish that there is a latitudinal gradient effect on 

diet. However, our findings merit further exploration of this relationship, and it remains to 

be studied whether these differences in food intake are a function of habitat type, season, 

or body size. 

Terrestrial prey (aerial and ground-dwelling) represented the largest fraction in the 

frog diet, indicating that terrestrial habitats adjoining the rice paddies are very important 

in providing food resources. Less aggressive agricultural alteration of paddies 

surroundings, e.g. by avoiding the use of herbicides for weeds control, are therefore 

recommended for P. perezi populations inhabiting agricultural land, especially in 

sensitive regions such as Monegros.  

The electivity index showed that P. perezi is an indiscriminate forager with regard 

to prey type (Fig. 7.2). This was also supported by the high niche breadth. An accepted 

view is that a relatively large dietary breadth provides high ecological resilience 

(Williams et al., 2006), as local frog populations can expand their niches beyond their 

natural niche ranges (Hirai and Matsui, 2000). This behaviour is an effective strategy for 

a colonizer (Saenz, 1996) and may explain the P. perezi dispersal ability to newly created 

habitats. The dietary changes between different life stages suggest that food partitioning 

plays an important role in frog community structure. This is also supported by previous 

studies which reported a spatial segregation between juvenile and adult P. perezi 

inhabiting temporary ponds of semiarid regions (Lizana et al., 1989). 

Significant quantitative changes in diet occurred along the frog‟s developmental 

stages, as shown by increased volume of the stomach content but lower prey numbers 

towards the adult stage (Fig. 7.3). Small individuals preyed on a large number of small 

items such as dipterans, which would facilitate rapid growth at this early stage. Given 

their small dimensions and generally active locomotion, dipterans may be energetically 

expensive to catch. However, it appears that small frogs preyed continuously on them 

throughout their active period in order to maintain a positive energy budget.  

Larger frogs tended to eat larger prey while still ingesting smaller items (Fig. 7.4). 

This is in line with a theoretical model of diet efficiency proposed for predator-prey size 

relationships (Costa et al., 2008), in which larger predators target a wide prey size 
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spectrum to maximize the energy gains. This implies that the overall prey diversity 

increased with size. However, the ingestion of small prey by adult frogs appears not to 

have an important impact on their dietary breadth. While the frogs did not exclude small 

items from their diet as they grew, it seems that their morphological limitations 

influenced the maximum and mean prey size intake (Fig. 7.4). This relationship could 

also explain the weak but significant increase in stomach content volume with size and 

mass. Furthermore, optimal foraging theory assumes that individuals act to maximize the 

rate of energy intake in accordance with morphological constraints (e.g. mouth width) and 

foraging ability (Schoener, 1971). Therefore, foraging on a broad prey size range while 

increasing maximum prey size may result in higher energy reserves and, consequently, 

higher survival rate during extended periods of drought. Our findings are similar to results 

reported for northern P. perezi populations (Docampo and Vega, 1990) but different from 

eastern and western ones (Jover, 1989; Anastácio and Ferrand d´Almeida, 1995). 

This study shows that P. perezi from Monegros rice fields is a generalist feeder, 

which uses the food resources available in the habitat as an opportunist predator. This 

widespread conserved feeding habit among ranids might account for the species‟ success 

in this altered landscape. Integrating adequate land management practices with 

knowledge on agro-ecosystem functioning would allow farmers not only to preserve the 

habitat of resident amphibians, but will also benefit rice field biodiversity, enhancing 

agro-ecosystems services. 
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8. 1 Abstract 

 

The great sensitivity of amphibians to land disturbance has contributed to their 

worldwide decline. One fundamental approach to assess their ability to reflect habitat 

alteration is to measure their phenotypic changes.  We examined morphological variations 

of the endemic anuran Pelophylax perezi in habitats with different degree of agriculture 

disturbance, i.e. rice fields vs. storage ponds from Monegros, an arid region in NE Spain. 

Phenotypic changes in response to agriculture conversion are expected in these 

contrasting environments. Specifically we considered the influence of habitat and frog 

class/sex on body size, body condition (BC) and fluctuating asymmetry (FA) of frog 

skeleton (tibio-fibula, metatarsal, radio-ulna, and humerus).  

Pelophylax perezi size and mass was not affected by habitat type. Only, juvenile frogs 

recorded a decrease in body size and mass in rice fields, when compared to storage ponds, 

indicating that early life stages could be more susceptible to habitat alteration. 

Conversely, female body mass increased significantly in rice paddies. Overall species BC 

was significantly high in paddies, indicating a catch-up-growth for these populations, 

especially juveniles and adults (females and males). However, frog FA, including most of 

the traits (e.g. humerus, radio-ulna and metatarsal) and composite FA, showed a 

significantly higher level in rice fields vs. storage ponds, indicating that FA was capable 

to capture habitat stress more reliably than body size and BC. They are less functional and 

therefore more prone to development errors than highly functional traits such as tibio-

fibula. Juveniles and adults (males and females) were the most affected by stress. They 

had a trait specific FA which increased in rice fields. A significant increase of trait FA 

occurred in ontogeny, mostly in rice field, suggesting that mechanisms responsible of 

development control in this habitat were not able to buffer against stress. Weak 

relationships between FA (MT, RU and CFA) and BC in rice field population determined 

the fact that FA is a poor indicator of condition.Despite of a sexual dimorphism (larger 

males than females), the asymmetry was not sex-related. We conclude that the use of FA 

is extremely important as it may give a more accurate picture of wealth state of frog 

populations in habitats converted to agriculture, than basic fitness indicators. We 

therefore encourage its use in monitoring developmental instability in amphibian 

populations from degraded landscapes.  

 

 

Keywords: Pelophylax perezi, body size, body mass, body condition, fluctuating 

asymmetry, rice fields, agricultural landscape, Monegros 
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8. 2 Introduction 

 

Amphibians are key components of both aquatic and terrestrial systems and, 

owing to their sensitive skin are reliable indicators of overall environmental health. This 

sensitivity led to a rapid and global decline of many populations, being triggered mainly 

by habitat degradation (Collins and Crump, 2009). For instance, agricultural conversion 

and intensive landuse are negatively affecting amphibian communities, inducing 

deleterious effects such as altered mobility, decreased fitness and morphological 

deformities (Piha et al., 2007; Baker, 2009). Therefore cultivated landscapes may act 

more often as ecological sinks for amphibian assemblages than sources (Gray, 2002). In 

this scenario it is imperative to assess the impact of habitat degradation on populations 

prior to their possible decline. One approach is to identify phenotypic variations that may 

further affect survival, fitness and performance of individuals. Traditional fitness 

correlates such as body size and shape (allometry) have been used under field conditions 

to evaluate environmental stress in amphibians (Delgado-Acevedo and Restrepo, 2008). 

Body size is amongst the most fundamental properties of an organism and it is often 

related to numerous life history traits, particularly to those contributing to overall fitness 

(Peters, 1983). Likewise, body condition is an important measure of the fitness of an 

animal (Green, 2001) and can help assess a population‟s performance (Davis and Maerz, 

2007).  

In general, an organism‟s phenotype reflects the outcome of complex equilibria 

and interactions between physiological processes in ontogeny (Servia et al., 2002). An 

alteration of these processes by genetic/environmental stress is expected to result in 

morphological trait deviations (Debat and David, 2001). For example small random 

perturbations of bilateral traits from natural symmetry, i.e. fluctuating asymmetry (FA), 

can reflect developmental instability among the individuals of a population (Van Valen, 

1962).  Developmental instability is an important notion for evolutionary and ecological 

studies, since it provides valuable information on the adaptation of organisms or 

populations to certain environments. Although under constant debate (Graham et al., 

2010; Van Dongen, 2006), this anatomical approach has been long proposed as a 

potential surrogate for more direct fitness estimators in amphibians, with implications in 

ecology and conservation biology (St-Amour et al., 2010). It also proved to be a useful 

indicator of environmental stress for a number of invertebrate and vertebrate species 

(Bonada and Williams, 2002; Lens et al., 2002). However, field research on FA 

associated to land conversion stress in amphibians is still to be fully appreciated. Presence 

of significant levels of FA may provide an early indication of populations under risk, 

fundamental for improving their ecological condition and understanding their future 

responses. 

The Iberian green frog, Pelophylax perezi, is an endemic anuran (Iberian 

Peninsula and southern France), vulnerable to land use change and agricultural 

management of wetlands (Pastor et al., 2004). There were recorded declines in its 

populations in southern France and western Spain (Crochet et al., 2004; BOE, 1990). Yet, 

this species is commonly found in the arid region Monegros (NE Spain), in areas 
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converted to irrigation which offer good breeding and foraging conditions (Burghelea et 

al., 2010). However, these new created habitats are highly affected by degradation. Trace 

elements bioaccumulation has been previously reported in aquatic biota in rice fields and 

storage ponds in the area (Burghelea et al., 2011). Given that the rice fields are highly 

managed habitats and Monegros is generally vulnerable to climate and human induced 

land degradation (Macklin et al., 1994), it remains to be seen whether amphibian 

communities living in this modified landscape experience increased developmental 

instability.  

The main objective of our work was therefore to examine the extent to which 

several morphological variables thought to measure individual quality differ between 

habitat types and developmental stages/sexes of P. perezi from Monegros. Thus we 

assessed changes in body size, body condition and fluctuating asymmetry in key habitats 

under contrasting degrees of human use, i.e. rice fields and storage ponds. In this 

scenario, we hypothesized that changes in these parameters would be a function of habitat 

type. We predicted that body size, mass and condition would decrease in rice paddies, 

whereas FA would increase in these habitats. Additionally, other hypotheses about trait 

FA variability were tested. Trait functionality and mode of selection are known to 

influence the degree of asymmetry (Clarke, 1998); hence we expected that highly 

functional traits, under the pressure of natural selection to exhibit higher FA than less 

functional ones or sex-related traits. Since natural and sexual selection are expected to 

favor individuals with higher fitness and therefore lower levels of FA (Fuller and Houle, 

2002), we anticipated lower FA at adult stage.  

 

 

8.3 Methodology 

 

8.3.1 Study area 

This study was conducted in central Monegros, NE Spain. This is one of the most 

arid regions of Europe, with a rough extension of 2700 km
2
 (Herrero and Snyder, 1997). 

Mean annual temperature is about 14.5º C, with extremes from -15 to more than 40º C 

(Pedrocchi, 1998). Mean annual rainfall is low (~ 400 mm) concentrated mainly in spring 

and autumn. Soils are dominated by lutite and sandstone with variable level of salinity 

(Moreno-Mateos, 2008). During the last decades > 74% of the land use in its central part 

(Sariñena and Lanaja municipalities) has been devoted to intensive agriculture (IAEST, 

2009). Rice is one of the main crops, with an estimated area of about 3569 ha in 2008 

(IAEST, 2009) and is mainly cultivated on saline soils. Intensive agriculture production in 

the area has determined soil and water degradation. For example, a large application of 

pig manure for fertilization has determined a decrease in catchment water quality in the 

last years (Martín-Queller et al., 2010). Moreover, intensive rice production in the area 

also implies an intensive use of agrochemicals such as herbicides and pesticides, 

especially during rice growth (May, June and July). As part of crop production, rice 

paddies are flooded continuously up to 15-25 cm depth during the vegetated season 

(May-September) and they are dried out during the rest of the year. 
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Pelophylax perezi is an opportunist colonizer of the temporary ponds in the area. It 

inhabits rice paddies during the flooded period (May to September), when it experiences 

an explosive population growth, and it survives in irrigation canals and their water brakes 

during the dry time, from October to April. Although in small number, this anuran occurs 

in reservoirs, small (< 1ha) permanent water bodies used as water reserves for irrigation 

and livestock supply during unexpected water shortage. Reservoirs are practically 

undisturbed in terms of agricultural management. These two ecosystems, i.e. rice paddies 

and reservoirs, are theoretically ideal for testing the effects of land conversion on 

amphibian morphology. Climate conditions, as well as elevation and bedrock geology, are 

relatively homogeneous across the sampling area. 

 

8.3.2 Sampling strategy and fluctuating asymmetry measurements 

A total of 562 frogs were captured haphazardly between January-May and July-

September 2003 in eight rice field areas and five reservoirs, of central Monegros (Fig. 

8.1). These habitats are different in terms of trace metal input and bioaccumulation in 

their aquatic fauna (Burghelea et al., 2011). Selected rice paddies experienced the regular 

flooding, drying and exposure to agrochemicals from May till September, coinciding with 

the breeding and development of P. perezi. In the laboratory, captured individuals were 

placed into water with ice to reduce their activity, which allowed accurate body 

measurements and radiography. First, two important fitness correlates, i.e. frog snout-vent 

length (SVL) and body mass were measured to the nearest 0.5 mm and 0.1 g, with a ruler 

and an electronic balance, respectively. For convenience, the frogs were classified into 

age plus gender groups: recently metamorphosed (mean±SD; 26.17± 2.87 mm and 

15.42±4.37 g, n= 148), juveniles (28.39± 4.27 mm and 21.78±6.79 g, n= 147) and adults, 

which were sexed: females (42.09±8.96 mm and 78.08±72.41 g, n= 169) and males 

(47.27±7.16 mm and 104.99±56.78 g, n= 98). Recently metamorphosed were identified 

by their incompletely absorbed tail. All individuals were thereupon X-rayed with a Kodak 

Trophy unit (60 kV, 7 mA, 1.25 s exposure), and images saved in digital format for FA 

analysis. In ontogeny FA levels may decrease due to internal mechanisms that control 

development and elimination of asymmetric individuals by natural selection (Piscart et 

al., 2005), thus we choose to measure FA in developing frogs. This will help to 

understand better the impact of habitat stress on amphibian populations at different life 

stages, aspect poorly addressed in the literature, and identify their risks. 

Finally, the exemplars were toe-clipped to avoid recapture, and released back to 

the same habitat.  

Previous to statistical analyses, frog SVL and body mass were log-log transformed to 

accomplish normality. Body condition was calculated by residuals of the regression of 

body mass on SVL, after Jayne and Bennett (1990). 
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Fig. 8.1. Monegros arid region (NE Spain) on digital elevation map, with the location of 

sampling sites. Symbols legend: ○, locality; ■, reservoirs and □, rice fields.  

 

Image analysis in Corel Draw program allowed the measurements of right (R) and 

left (L) sides of four traits length of P. perezi skeleton: tibio-fibula (TF), fifth metatarsal 

bone (MT), humerus (HU), and radio-ulna (RU); these were easily measurable bones of 

fore- and hindlimbs, previously recommended by other authors in amphibian FA studies 

(Alford et al., 1999). Two repeated measurements of each trait were performed in order to 

reduce measurement error (Palmer, 1994).  

 

8.3.3 Statistical procedure   

Body size and body condition fluctuations 

Two-way analysis of variance (ANOVA) was used to determine the effects of 

habitat type and the interaction frog class×habitat on SVL, mass and BC of P. perezi. We 

incorporated the interaction in our statistical models to explicitly compare patterns across 

habitats and frog classes/life stages. In case of significance, pairwise comparisons after 

Bonferroni correction and estimated marginal means were used to identify the sources of 

variation. 

 

Fluctuating asymmetry and measurement error 

A set of analyses focused on FA protocol: estimating the measurement error (ME) of the 

considered traits, ruling out other types of asymmetry (i.e. directional asymmetry and 

antisymmetry), and correcting for the relationship with trait size (Palmer and Strobeck, 

2003). Since levels of asymmetry are usually small, repeated measurements are required 

to separate real asymmetry from ME. For this, we used a two-way ANOVA with 

individual as random factor and side (R and L) as fixed factor. Fluctuating asymmetry 

repeatability was calculated after the formula: (MSSI-MSerror)/[ MSSI+(2-1)MSerror]. It 

estimates the true FA variation as a proportion of the total between-sides variation 

including ME. Repeatability is higher if ME is smaller relative to FA. (Palmer and 

Strobeck, 2003). 

Then, we tested for the presence of directional asymmetry by Student‟s t tests, 

comparing unsigned FA values vs. 0. The directional asymmetry has the mean 
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significantly different from 0, contrary to FA. The normality of the data was checked by 

Kolmogorov-Smirnov (KS) test, which helped refute the presence of antisymmetry. A 

normal distribution is indicative of FA, and can furthermore be used to reflect stress in 

development (Palmer and Strobeck, 1986).  

 We considered measures of relative FA, estimated by dividing unsigned FA by the 

average of both sides (R+L)/2 and expressed as percentage. Moreover, we used a 

composite asymmetry index (CFA) as the mean unsigned FA of the studied traits (Palmer 

and Strobeck, 1986). 

 

Generalized linear models (GLMs) helped determine trait and composite FA variability 

between habitats, frog class and frog class× habitat interaction. In a GLM, the 

significance of fixed effects is usually assessed from the Wald statistics, which are 

assumed to follow a χ
2
 distribution, on the respective d.f. When significance occurred, 

pairwise multiple tests adjusted for least significant difference were employed to 

determine the sources of variation. To assess if asymmetry is indicative of frog condition 

we examined BC-FA Spearman rho correlations.  

All analyses were computed in PASW Statistics 18 for Windows. 

 

 

8.4 Results 

 

8.4.1 Response of P. perezi to habitat type: body size and body condition 

variations 

Generally, body size (SVL) as well as the body mass of P. perezi from Monegros 

did not change significantly between habitats (two-way ANOVA, F1,553= 3.30, P= 0.07 

and F1,553= 0.10, P> 0.05), while the body condition (BC) did (F1,553= 27.78, P< 0.0001) 

(Fig. 8.2a,b,c). Pairwise comparisons determined that individuals from rice paddies 

increased significantly their condition comparatively with those from reservoirs (Fig. 

8.2c). The interaction of the two factors frog class× habitat type showed a significant 

influence of habitat on SVL, mass and BC of specific frog classes (F3,1106= 5.40, P= 

0.001; F3,1106= 5.82, P= 0.001; F3,1106= 4.17, P= 0.006) (Fig. 8.2d,e,f). Estimated marginal 

means revealed that while juveniles apparently decreased their size and mass in rice 

paddies, females‟ body mass increased in this habitat (Fig. 8.2d,e). Moreover, juveniles 

and adults (females and males) experienced an increase in BC in rice fields (Fig. 8.2f).  
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Fig. 8.2. Box plots showing differences in: (a), (d) body size (SVL); (b), (e) body mass 

and (c), (f) body condition (BC) of P. perezi in two contrasting habitats (rice fields and 

reservoirs). * represents significance at P< 0.01 level.  

 

 

8.4.2 Fluctuating asymmetry validation 

In P. perezi differences between left and right sides of skeletal traits seemed to 

represent true asymmetry, as indicated by the significant side× individual interaction for 

each bone (Palmer and Strobeck, 2003). Measurement error in all cases was lower than 

FA (Table 8.1). Moreover FA repeatability was high for tibio-fibula (0.69), metatarsal 

(0.86), humerus (0.81) and radio-ulna (0.57). Signed asymmetry of the studied bones 

showed no significant deviation of the differences (R–L) from a distribution with mean 

zero (Table 8.2). Except humerus, traits FA revealed a normal distribution. However, 

humerus kurtosis was positive, indicating an absence of antisymmetry. Another important 

step in the analysis of FA was to check for size dependency. Because metatarsal FA 

showed a significant Pearson product moment correlation with its size, relative values of 

FA were corrected for trait size, dividing the absolute values of FA by trait size (Palmer 

and Strobeck, 1986).  

 

 

Table 8.1. Results of the two-way ANOVA, which tested the significance of FA (shown 

here by a significant side×individual interaction) relative to trait measurement error 

(ME). The between-sides variance (σ
2
) is also presented (Palmer, 1994) 

Bone Source of variation df MS σ
2
 F P 

tibio-fibula side× individual 561 0.088 0.036 5.51 < 0.05 

 ME  0.016 (18.18%)    

metatarsal side× individual 561 0.092 0.043 13.83 < 0.001 

 ME  0.007 (7.61%)    
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humerus side× individual 561 0.049 0.022   

 ME  0.005 (10.20%)  10.43 0.001 

radio-ulna side× individual 560 0.011 0.004 4.16 < 0.05 

 ME  0.003 (27.27%)    

ME% was calculated after: MSerror as a percentage of MSSI. 

σ
2
= (MSSI-MSerror)/2 

 

 

Table 8.2. Statistical tests for refuting the presence of directional asymmetry (Student‟s t 

test) and antisymmetry (Kolmogorov- Smirnov; KS). Descriptors of signed FA, skewness 

and kurtosis are also presented  

Bone FA 

 df t test 

(P) 

KS test 

(P) 

Skewness 

(±SE) 

Kurtosis 

(±SE) 

Mean 

(±SE) 

tibio-fibula 561 1.86 (0.06) 0.92 (0.37) -0.15±0.10 0.54±0.21 0.16±0.08 

metatarsal 561 -0.70 (0.484) 1.14 (0.15) -0.25±0.10 0.52±0.21 -0.08±0.11 

humerus 561 -0.13 (0.90) 1.79 (0.052) 0.17±0.10 0.07±0.21 0.06±0.10 

radio-ulna 561 0.64 (0.52) 1.25 (0.09) -0.03±0.10 -0.54±0.21 -0.01±0.09 

 

 

8.4.3 Effect of habitat type on fluctuating asymmetry (FA)  

We used generalized linear models (GLM) to further assess variations in FA, due 

to the fact that humerus showed a non-normal distribution. This technique is appropriate 

for non-normal data as suggested by Bolker et al. (2009). Significant differences between 

habitats were found in metatarsal (Wald χ
2

1,562= 5.37, P= 0.02), humerus (Wald χ
2

1,562= 

6.24,  P= 0.01), radio-ulna (Wald χ
2

1,562= 16.21,  P< 0.0001) and overall CFA (Wald 

χ
2

1,562= 12.48,  P< 0.0001). Pairwise comparisons among the estimated marginal means 

showed an increase of these traits FA in rice fields vs. reservoirs (effect±SE, where the 

effect is the mean difference between rice field and reservoir; metatarsal, 0.0029±0.0013, 

P= 0.02; humerus, 0.0024±0.0009, P= 0.01; radio-ulna, 0.0040±0.0010, P< 0.0001; CFA, 

0.0021±0.0006, P< 0.01) (Fig. 8.3). However, tibio-fibula FA did not vary between rice 

fields and reservoirs (Wald χ
2
1,562= 1.17,  P> 0.05).   

The interaction term frog class× habitat was also significant for metatarsal (Wald 

χ
2

6,562= 33.63, P< 0.0001), humerus (Wald χ
2

6,562= 18.04, P= 0.006), radio-ulna (Wald 

χ
2

6,562= 21, P= 0.002), and CFA (Wald χ
2
1,562= 56.10,  P< 0.0001), but not for tibio-fibula 

FA of P. perezi (Wald χ
2
1,562= 11.17, P> 0.05) (Fig. 8.4).   
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Fig. 8.3. Traits asymmetry variations between habitats. Significance at: *, P< 0.05 and 

**, P< 0.0001; TF= tibio-fibula, MT= metatarsal, HU= humerus and RU= radio-ulna.  

 

 

 Male metatarsus, radio-ulna FA and CFA increased significantly their level of FA in rice 

fields comparing with reservoirs (pairwise comparisons, 0.0087±0.003, P= 0.003; 

0.0071±0.0023, P= 0.002, and 0.0041±0.0014, P= 0.003, respectively), as well as the 

humerus and CFA of R. perezi females (0.0038±0.002, P= 0.03 and 0.0023±0.0010, P= 

0.03) and juveniles radio-ulna (0.0051±0.0019, P= 0.008) (Fig. 8.4).  

Moreover, Fig. 8.4 shows also that the asymmetry of studied traits increased significantly 

among frog classes, differences being more evident between the smallest frogs and adults 

(GLM; pairwise comparisons, P> 0.05) in both rice fields and reservoirs. Parameter 

estimates showed that tibio-fibula of recently metamorphosed frogs was significantly 

lower when comparing with the rest of frog classes in reservoirs (Wald χ
2

3,562= 5.72,  P= 

0.017); metatarsal of recently metamorphosed and juveniles was significantly lower that 

of other frog classes in rice fields (Wald χ
2
3,562= 24.96,  P< 0.0001 and Wald χ

2
3,562= 4.65,  

P= 0.031); humerus and radio-ulna FA of recently metamorphosed frogs from rice field 

differed significantly from other frog classes (Wald χ
2

3,562= 5.08,  P= 0.02 and Wald 

χ
2

3,562= 9.81,  P= 0.002, respectively). Composite asymmetry of recently metamorphosed 

showed significant changes comparing with the rest of frog classes in rice paddies and 

reservoirs (Wald χ
2

3,562= 27.80,  P< 0.0001 and Wald χ
2

3,562= 5.80,  P= 0.016, 

respectively). 
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Fig. 8.4. Variations in: (a) tibio-fibula, (b) metatarsal, (c) humerus, (d) radio-ulna and (e) 

composite fluctuating asymmetry (mean ± SE) of P. perezi classes between habitats. 

Significance is showed at: * P< 0.05 and ** P< 0.01. 

 

Between sexes there were not significant differences in asymmetry of the studied traits in 

both habitats (GLM; pairwise comparisons, P> 0.05).  

Regarding the relationship FA–BC, there were weak associations of BC with 

metatarsal (ρ= 0.208, P< 0.0001), radio-ulna FA (ρ = 0.213, P< 0.0001) and CFA (ρ = 

0.244, P< 0.0001) in rice fields, and even weaker between BC and humerus FA in 

reservoirs (ρ=0.118, P= 0.047).  

 

 

8.5 Discussion  

 

Habitat-induced changes in traditional fitness estimators, e.g. body condition and 

size, in amphibians can affect their growth, survival and reproductive success, which 

would finally translate into changes in individual quality and performance (Lauck, 2006). 

Apparently the smaller size and mass recorded by P. perezi juveniles from Monegros rice 

fields than in reservoirs suggests that body size/mass likely reflects habitat constraints at 

early stages. This is consistent with findings from other semi-arid landscapes, where 

agricultural land use has shown negative impact on postmetamorphic body size of 

amphibians (Gray et al., 2004). It is known that a reduced hydroperiod of amphibian 

habitats can force a faster larval developmental, with direct consequences on 

postmetamorphic size (Gray et al., 2004). Moreover, amphibians at early stages are 

generally more vulnerable to contaminants (Feder and Burggren, 1992), which may 

determine a decrease in body size and an increase in their threat risk (Sodhi et al., 2008). 
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Our results therefore strengthen the idea that rice field populations could experience 

developmental problems at early stages, which may further affect important life history 

traits. Despite of the fact that juveniles decrease in size and mass in rice paddies, their 

condition was high in this habitat. Changes in body size often act to alleviate, or buffer, 

stress. Due to the fact that rice field population during the irrigation period reaches a high 

abundance (personal observations), a strong intra-specific competition between 

individuals may limit the growth of the juveniles, as reflected by their size and mass. 

Moreover, an unexpected general improvement of P. perezi body condition in rice 

paddies could indicate a catch-up-growth of the species due to an efficient use of habitat 

resources (Burghelea et al., 2009). This may suggest also that in agricultural wetlands the 

species experiences higher fitness, assuming that larger females mean greater 

reproductive potential. It is welcome news that frogs under more benign conditions show 

a good capacity to withstand intensive habitat changes. However, this fast growth (catch-

up) may succeed periods of under-nutrition and harsh environmental conditions (dry 

period) in rice fields. It is known that the organisms accelerate development after periods 

of food shortage to compensate for negative effects of poor nutrition on growth; the 

catch-up growth depends on developmental stage with early stages being usually more 

sensitive to under-nutrition (Metcalfe and Monaghan, 2001). 

 

While BC of P. perezi apparently reflected a good health of rice field population, 

further examination of developmental stability by FA seemed that better captured the 

habitat stress incurred at different life stages. The species developed a higher overall 

asymmetry (CFA), especially at juvenile and adult stage in this habitat (Fig. 8.4). De 

Block et al. (2008) suggested that it is more likely to see any developmental costs of rapid 

growth studying maximally instead of optimally growing animals. A fast catch-up-growth 

was coupled in the literature with greater fluctuating asymmetry likely due to an increase 

in developmental errors (Wells et al., 2006; De Block et al., 2008). It may be associated 

with a reduced control of the developmental regulatory system that involves some 

feedback elements between sides of a bilateral trait and episodes of compensatory growth 

to correct large asymmetries (Kellner and Alford, 2003). For example, Swaddle and 

Witter (1997) suggested that rapid growth might prohibit compensational growth 

feedback between sides of a bilateral trait, thereby making it even more difficult for an 

individual to produce symmetrical traits. It is known that stress incurred during early life 

could produce low-quality, therefore asymmetrical adults in wildlife populations (Davis 

and Maerz, 2007), although this is usually compensated by growth mechanisms (Kellner 

and Alford, 2003). It appears that mechanisms controlling developmental stability of P. 

perezi were unable to buffer against the continuous stress in intensely managed habitats. 

This is in contrast with other studies on amphibians from natural habitats, which reported 

a decrease in FA level along development due to environmental stress (Söderman et al., 

2007). The trends observed in our results therefore merit further exploration into the 

mechanisms implicated in developmental instability and whether the observed FA 

changes in rice field population further translate into reduced fitness that may affect their 

adaptation to agricultural environments and survival.  
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Specifically metatarsal, humerus and radio-ulna of P. perezi increased significantly their 

level of FA in rice paddies vs. reservoirs (Fig. 8.3), indicating that asymmetry is trait 

specific. These traits could be less functionally important and less able to withstand 

developmental stress, but they may adequately serve as bioindicators in studies of frog 

asymmetry. Relative high levels of radio-ulna asymmetry have also been reported for 

other amphibians, in relation with habitat acidification and loss (Söderman et al., 2007; 

Delgado-Acevedo and Restrepo, 2008). Conversely, tibio-fibula indicated a relatively 

good developmental stability regardless the habitat type. This bone plays an important 

role in locomotory performance of amphibians; it is likely subject to continuous bone 

remodeling, which can maintain and even improve bone symmetry; consequently it may 

be under stabilizing natural selection. Traits under stabilizing selection are known to be 

less responsive to environmental disturbances (Pomiankowski and Møller, 1995) as the 

organism would allocate adequate resources for their stable growth (Aparicio, 2001).  

Overall, males and females appeared to respond similarly to 

environmental/genetic stress in both habitats. A lack of asymmetry differences between 

sexes was also observed in amphibians under viral infections stress (St-Amour et al., 

2010). This suggests that FA is not linked with adult sex per se, but rather with a general 

ability to endure stress in unpredictable habitats.  

The results also unveiled a poor relationship between FA and BC, which means that 

skeleton asymmetry, may provide a record of amphibian developmental instability that is 

not reflected in measures of body condition. Moreover, asymmetry was found to poorly 

predict other conventional fitness indicators, such as size in amphibian populations 

(McCoy and Harris, 2003; Møller, 2006). On this count, fluctuating asymmetry is a better 

indicator than size, mass and condition. Although P. perezi expansion into irrigated fields 

of Monegros may imply a good foraging and breeding opportunity, and a rapid growth 

which translates into good BC, this does not necessarily involve a stable development for 

these populations. This means that simple estimates of BC may lead to erroneous 

conclusion that populations are healthy. Thus other phenotypic measures such as FA are 

recommended to better reflect the developmental instability under habitat stress. The 

comparatively high phenotypic effects experienced by P. perezi in rice paddies indicate 

that their communities face relatively severe stress and could be at risk overtime. Less 

aggressive habitat management is therefore recommended to reduce habitat stress on 

amphibians. Conversely, the species maintained a relatively stable development in 

reservoirs, where it also increased its BC towards the adult stage (Fig. 8.4). Recognizing 

morphological differences and FA patterns in areas with different level of disturbance 

would help managers to predict species or community responses associated with habitat 

alterations, hence a simple tool to assess the quality of their ecosystem services. Due to 

the correlative nature of our study, we were unable to conclude which 

environmental/genetic stressors were the direct cause of stress and increased FA. 

However our findings do show clear differences involving a number of sensitive traits, 

fact that merits further exploration into processes responsible for the pattern we observed.  

In the general context of increasingly altered amphibian habitats, our study stresses the 

importance of considering small phenotypic variations as a preliminary step to understand 
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the population sensitivity and further persistence in highly changing environments. One 

of the most significant findings of this study was that FA had higher degree of response to 

habitat stress than other fitness correlates. This can allow early evaluations of amphibian 

sensitiveness to habitat alteration and trigger further insights into specific factors 

threatening their populations, especially in areas under the influence of human activity. 

However, from our results it is not possible to disentangle whether environmental 

differences, reduced heterozygosity and/or the break-up of co-adapted gene complexes 

during colonization is responsible for the reduction in developmental instability.  
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Wetlands in arid regions are complex and fragile ecosystems that undergo extreme 

changes during wet-dry cycles. Yet they are particularly important because of their role in 

sustaining a special biodiversity and maintaining environmental quality (Schmid et al., 

2006). Human pressures particularly from agricultural intensification have largely 

contributed to the degradation of these ecosystems, with negative consequences for 

aquatic biota. Significant changes in habitat and landscape characteristics can potentially 

constrain the development of organisms inhabiting artificial wetlands. Aquatic predators 

are important components of the food-webs in these environments. Their ecology and 

biology are imperative objects of study since they can determine the structure, function 

and dynamics of the ecosystem. The main focus of this thesis was to identify and quantify 

important patterns in phenotypic characteristics of aquatic predators and species-habitat 

relationships in the context of environmental modifications in the agricultural landscape 

of Monegros arid region, NE Spain.  

 

Aquatic beetles population dynamics in agriculture landscapes 

Freshwater ecosystems are generally governed by a plethora of ecotope factors 

that operate at various temporal and spatial scales. These affect species dispersion and 

population dynamics, and ultimately shape their life history strategies. Understanding 

species adaptation and response to temporary aquatic environments is important for 

assessing ecosystem functioning and management. Generally agricultural landscapes can 

make available to biota diverse aquatic habitats, each having less or more anthropogenic 

impact. These can include paddies, permanent storage waterbodies (reservoirs) and 

temporary ponds and pools. Changes in land use from less to more intensive such as 

regular drying- flooding, create pressures on aquatic organisms and many times reduce 

the availability of their breeding areas. Despite the ubiquity of temporary ponds in 

agricultural landscapes, much remains unknown regarding aquatic beetles‟ life history in 

these habitats.  

According to the results presented in this thesis the spatial dynamics of dytiscid 

beetles in Monegros was relatively limited, regardless of habitat type and its level of 

management (see Chapter 2). This is most likely due to typical proximity of aquatic 

habitats in agricultural landscapes. Species, such as Hydroglyphus pusillus and 

Laccophilus minutus, can be particularly resistant to drought, and may survive in wet 

paddies substrate after these are drained out. This ability to exploit a large range of habitat 

conditions can be advantageous, and habitat generalists may be more successful. 

However, other species (e.g. Rhantus suturalis) showed higher densities in reservoirs 

compared to rice paddies and temporary ponds. This is likely a reflection of species 

sensitivity to hydroperiod, which has been previously reported (Whiles and Gordowitz, 

2005).  

Aquatic beetles recorded higher densities in the dry period than in the irrigation 

time, indicating seasonal population dynamics. While their life cycle depends on habitat 

availability, it is known that these species are generally univoltine, with marked seasonal 

patterns. The results and field observations suggest a spring breeding, summer larval and 

teneral adult appearance and adult overwintering.  
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Among environmental factors, an increase in ultraviolet-B radiation and 

precipitation was related to lower H. pusillus and R. suturalis densities, respectively. 

Water cover, water depth and aquatic vegetation cover and type were key habitat 

characteristics that significantly influenced dytiscid population dynamics in Monegros. 

Similar results were reported by Klečka (2008) for beetles inhabiting a semi-permanent 

agricultural wetland in South Bohemia (Czech Republic). Moreover, other studies showed 

that habitat permanence, given here by water cover, is of great importance in structuring 

dytiscid assemblages in agricultural landscapes (Lundkvist et al., 2001). This may 

indicate that European dytiscids have similar ecological requirements in temporary ponds 

from agricultural areas. 

Hydroperiod, described here by fluctuations in water level, was associated with 

dytiscid species densities, indicating that it plays an important role in population 

dynamics. Changes in species density according to hydroperiod are a result of their ability 

to persist in a given type of water body. Jeffries (2003, 2005) observed adult dytiscid 

species incidence being highly related to the lengths of dry and flooding periods. A large 

dry period may constrain aquatic beetles‟ distribution and therefore the community of 

aquatic predators may be affected, with consequences for ecosystem functioning. 

The association of dytiscid beetles densities to aquatic vegetation is a reflection of their 

niche preference, these species being found in lentic waters where decomposed vegetation 

and rich organic sediments make their optimal habitat. Besides, vegetation also provides 

perching sites, hiding places and feeding areas for these predators. This study provides 

valuable baseline data on predatory aquatic beetles‟ ecology in altered landscapes. This 

information is potentialy useful for further bioassessment efforts. 

 

Aquatic beetles, bioindicators of trace elements in artificial wetlands 

Agricultural areas are well known to be contaminated with potentially toxic metals 

from various forms of fertilizers and agro-chemicals, being therefore under particular 

environmental and human concern. Quantifying trace elements accumulation patterns in 

biota is important to understand their fate and impacts on the wider ecosystem. Chapter 3 

focused on predatory aquatic beetles as potential trace element bioindicators in Monegros 

wetlands. Categorical principal component analysis was tested as a new statistical 

approach to unravel relationships between metals, biota and habitat type.  

The results showed that with exception of As and Se, the average concentrations 

of all tested metals were higher in paddy environment than in reservoirs. Body trace 

elements content was species specific. For example Hydroglyphus pusillus accumulated 

Fe, Ni and Mn regardless of habitat type. On the other hand L. minutus accumulated more 

Se in non-managed habitats (i.e. reservoirs), while R. suturalis was good in accumulating 

Al, Mo and Pb in rice paddies. The latter seems to be a promising bioindicator of metal 

enrichment in rice fields.  

We conclude that predatory aquatic beetles are good candidates for trace elements 

bioindication in impacted and non-impacted environments and can be used to monitor 

ecosystem function. Categorical principal component analysis proved to be a reliable 

approach to unveil trends in metal accumulation in aquatic invertebrates according to 
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their habitat status. The use of different species was particularly important as they 

provided a more comprehensive picture of metal input in the systems under investigation. 

 

Beetles developmental instability in altered landscapes 

The pronounced sensitivity of freshwater ecosystems to multiple stressors signals 

a pre-eminent need for reliable sensors of environmental degradation. In chapter 4 I 

examined the spatial variability of fluctuating asymmetry of three dysticid beetles, and its 

association with habitat and landscape factors. Two different traits, maxillary palp 

(sensorial trait) and femur of third pair of legs (motor character) showed significant 

variability in FA among sampling sites and habitat type, depending on every species. 

Hydroglyphus pusillus recorded higher FA levels in rice paddies than in reservoirs and 

other temporary ponds. Rice fields from Monegros are known to receive large 

agrochemical input with negative consequences for the aquatic biota (Pastor et al., 2004). 

Therefore, H. pusillus is a sensitive bioindicator of habitat degradation and land 

conversion to agriculture.  

Land-use type was extremely important for the developmental stability of H. 

pusillus and L. minutus. The proportion of paddies and forest contributed to an increase in 

the level of FA, contrary to proportion of irrigation land around sites. Forest can 

surprisingly represent a stress source for aquatic beetles‟ development, likely due to its 

barrier role, impeding migration and dispersion, and, consecuently, gene flow between 

the patchy habitats. On the contrary, adjacent irrigated fields offer good opportunities for 

beetles to disperse and colonize new waterbodies. This latter land-use configuration 

therefore appears to contribute to their optimal development and growth. Conversely, the 

developmental stability of these two species was positively related to greater distance to 

roads. Road proximity has been previously reported as a stress factor for wildlife fauna 

(Tull and Brussard, 2007). Therefore species inhabiting habitats located far from 

roadways have more chance to develop normally and survive. 

Given the alarming biodiversity loss in Mediterranean wetlands (mainly due to 

agriculture) during the last decades (Abellán et al., 2006), FA could reliably indicate 

populations under stress.  

 

Climatic influence on beetle FA 

Natural populations are maintained into steady fitness equilibrium by a network of 

environment-genetic feedbacks which slowly evolve over time. Certain direct 

anthropogenic stressors such as habitat fragmentation and various pollutants together with 

abrupt changes in climate parameters have the potential to increase developmental 

instability in organisms (Graham et al., 1993). Up to recent times FA studies have been 

focused primarily on stress-factors with anthropogenic origin, while climatic influence on 

FA has been largely neglected from field studies. In chapter 5, I analyzed temporal 

variations in FA of three predatory aquatic beetles, i.e. H. pusillus, L. minutus and R. 

suturalis and the relationships with a number of climatic factors. 

Phenotypic changes across different time scales, from annual to seasonal and 

monthly, were screened in populations inhabiting rice fields and reservoirs to better 



Main results, discussion and conclusions 

153 

 

discriminate the influence of climatic factors from human-induced changes in beetles‟ 

morphological development. Variability in FA occurred at temporal scale in both studied 

habitats, being species specific. Hydroglyphus pusillus recorded an increase in FA in 

2003 than in 2004, and in the wet period (corresponding to irrigation initiation), than the 

dry or crop ripening ones. Moreover, R. suturalis also showed higher FA levels in 2003 

than in 2004, but only in reservoir. This suggests that the teneral adult beetles which 

appeared during summer in agricultural ponds in Monegros experienced more stress 

possibly incurred by an excessive use of pesticides to control an unusual pest population 

in rice paddies during the summer of 2003 or unusual climate variations during the same 

period or a mixture of both factors anthropogenic and climatic.  

Examining the influence of climatic factors on species FA, the results revealed 

that H. pusillus populations from reservoirs, which are less impacted by agricultural 

practices, had their FA associated with mean amount of precipitation, frequencies of rain 

days, freeze days and glitter days. These naturally stressed populations appear to better 

reflect the pressure of local climate variability than paddy populations. However, under 

field conditions it is difficult to discriminate the effects of natural climatic factors from 

the anthropogenic stressors. Further evidence from an experimental mezocosm free of 

chemical input and land manipulation, indicated that habitat specific anthropogenic 

stressors shadow climate influence on developmental stability of H. pusillus. This 

difference however diminishes towards the end of summer period, when agrochemical 

imput ceases.  

Further work should determine if climatic variations at larger scales, such as 

climate change, can increase the developmental instability of wildlife and reduce its 

fitness. 

 

Developmental instability patterns in multiple traits of aquatic beetles 

Understanding the mechanisms that determine the development of bilateral traits 

is esential in the interpretation of patterns in FA. Feedback mechanisms within and 

between developing traits may participate in the developmental control of asymmetry. In 

chapter 6 I examined the relationships between multiple traits (antenna I, maxillary palp, 

labial palp, femur I, tibia I, femur II, tibia II, femur III, tibia III and elytra) asymmetry in 

H. pussilus populations from rice fields and reservoirs, in order to determine the existence 

of asymmetry patterns. Individuals from rice field showed positive correlations between 

the unsigned FA of highly functional traits such as elytra and femur. This suggests that 

trait functionality is related to this presumed correlated development. Moreover, 

significant correlations occurred between traits belonging to the same developmental unit, 

as for example between femur and tibia of the legs. Therefore individuals which are 

asymmetric for one trait have the possibility to be asymmetric for other ones also. 

Patterns in FA in one trait can affect the development of a second trait. A significant 

concordance occurred between traits in rice paddy population, indicating an organism-

wide response to stress, and therefore an interdependent development of these 

morphologically integrated traits.  
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Conversely weak correlations and absent concordance occurred between traits FA 

in H. pusillus from reservoir. Traits of these individuals reflected differentially the 

amount of stress (environmental and/or genetic) received. Despite of this, the asymmetry 

of multiple traits of H. pusillus populations from rice paddies and reservoirs was 

concordant, indicating a population asymmetry pattern. This means that multiple traits FA 

contain information about a species genome wide developmental instability. Moreover, in 

the literature is common to find concordance of asymmetries between populations, but 

not necessarily within populations (Soulé, 1967). Although, asymmetry has been 

traditionally considered a population parameter (Zakharov, 1989), and its use has been 

extended to the individual level (Söderman et al., 2007). An additional analysis of 

asymmetry patterns of a number of 20 traits within sexes showed a common buffering 

capacity against stress of both, males and females of H. pusillus. Overall, the asymmetry 

of multiple traits showed a detailed map of the developmental stability at the individual 

and population level related to the trait type. The correlations in the unsigned FAs may 

indicate a feedback between different developing traits. The study showed a 

developmental integrity which may provide important insights in the evolution of 

complex traits. 

 

Amphibian habitat use in rice paddies 

It is well known that animals inhabiting agro-environments have to cope with 

uncertainty in trophic resources mainly due to flooding-draining management of the 

fields. In amphibians restriction in habitat conditions can constrain important aspects of 

their life history (Allentoft and O‟Brien, 2010). The Iberian green frog, Pelophylax 

perezi, is a unique anuran inhabiting Monegros paddy environment and its associated 

habitats. Despite of the fact that its ecology and biology are well known, paddy 

populations received relatively little attention.  

In chapter 7 I examined the qualitative and quantitative dietary patterns of P. 

perezi in rice paddies in relationship to prey availability and frog developmental stage.  

The results revealed that the different frog age classes used the food resources in 

proportion to those available in the environment, regardless of prey type or size. Frogs ate 

a large number of dipterans suggesting that, besides contributing to the regulation of 

paddy food-webs, this species could potentially control mosquitoes populations and other 

rice pests. When compared with similar studies in Europe, the intake of dipterans 

increased with latitude, suggesting a greater availability of this prey at northern latitudes.  

A low niche overlap was found between frog classes, which implies little inter-

individual competition. Moreover, a high niche breadth indicated that rice paddies 

populations of P. perezi have generalist feeding habits, which appear to help this species 

to persist in the agricultural landscape of Monegros arid region. 

 

Amphibian phenotypic changes in modified landscapes  

Among vertebrates, amphibians are relatively poor dispersals and highly 

philopatric, i.e. species with affinity for a certain habitat (Blaustein et al., 1994), which 

makes them particularly vulnerable to environmental degradation. Global decline in 
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amphibian populations due to agriculture intensification has made amphibian 

conservation and habitat management a high priority (Houlahan et al., 2000).  

One way to assess amphibian sensitivity to habitat alteration is to measure their 

phenotypic changes in contrasting habitats. In chapter 8, I examined variations in 

phenotypic traits such as size, mass, body condition and fluctuating asymmetry of 

Pelophylax perezi in wetlands with different degree of agricultural impact, i.e. rice 

paddies and reservoirs, from central Monegros. Different morphological traits (tibio-

fibula, metatarsal, humerus and radio-ulna) and different size/age were considered to 

assess their sensitivity to environmental stress.  

P. perezi did not change the size and mass between habitats, while the body 

condition and the overall asymmetry varied significantly. Frogs‟ body condition recorded 

an unexpected increase in rice paddies, together with an increase in the overall 

asymmetry. This indicates that a catch-up growth in this environment is related to 

developmental errors. These results corroborate earlier studies which showed that an 

accelerated growth can be associated with higher levels of FA in other organims (De 

Block et al., 2008).  

Among traits metatarsal, humerus and radio-ulna recorded significantly higher 

FAs in rice fields compared to reservoirs, suggesting that they can be reliable stress 

bioindicators. I therefore encourage their use in monitoring developmental instability in 

amphibian populations from degraded landscapes. Trait asymmetry was related to its 

functional use, but not to sex. For example, highly functional traits such as femur showed 

significantñy lower FA than other morphologic traits. An increase in developmental 

instability was observed at later developmental stage, meaning that during development 

individuals were not able to buffer against stress. Thee results provide a baseline of 

populations health state and can be use for further management actions regarding 

amphibian populations in Monegros. 
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Conclusions 

 

Using a combination of ecological and morphological approaches this thesis has 

made a considerable contribution towards understanding the relationships of aquatic 

predator community with the environment in artificial wetlands of a degraded arid 

landscape. Likewise it highlighted the importance of habitat condition and use for 

population dynamics, feeding habits and morphological development for invertebrate and 

vertebrate predators in these environments. Although some studied species such as 

dytiscid beetles were filogenetically related, they did not have an equal ability to reflect 

stress in altered landscapes. However, different taxons (aquatic beetles and amphibians) 

showed common patterns of developmental instability, raising their level of asymmetry in 

habitats more affected by anthropic factors. Therefore, landscape degradation may 

equally affect taxa capacity of adaptation and/or persistence in temporary aquatic 

environments.  

Multiple traits fluctuating asymmetry accurately identified habitat disturbance and 

discriminated different types of anthropogenic and natural influence on the developmental 

stability of aquatic predators. In the context of global loss of biodiversity, fluctuating 

asymmetry can therefore be a reliable tool for biomonitoring the health of freshwater 

ecosystems.  

 

This thesis' chapters have made the following specific contributions:  

 

1. Predatory aquatic beetles (Hydroglyphus pusillus, Laccophilus minutus and Rhantus 

suturalis) were relatively even distributed in the artificial wetlands of Monegros, their 

populations being sustained by the high variety of waterbodies in the agricultural 

landscape. Beetle seasonal distribution was related to species life cycles and variations in 

local climatic factors such as precipitation and ultraviolet-B radiation. Aquatic vegetation, 

habitat permanence and hydroperiod dictated population dynamics, the latter being 

extremely important in temporary waterbodies.  

 

2. Aquatic beetles had species-specific trace element bioaccumulation ability in 

contrasting habitats. In general the average concentrations of trace elements in the beetles 

were higher in the rice fields than in the control habitats.  Categorical principal 

component analysis proved to be a reliable statistical approach for assessing differences 

in species accumulation patterns among habitats. We conclude that predatory aquatic 

beetles are good candidates for trace elements bioindication in impacted and non-

impacted environments and can be used in environmental monitoring studies. I however 

recommend the use of various species to track more complete information on habitats 

disturbance level.  

 

3. Spatial distribution of fluctuating asymmetry (FA) in dytsicid beetles was species and 

trait specific. Hydroglyphus pusillus FA reflected better habitat degradation than the other 

species. Among traits, the maxillary palp, which is a sensorial trait, reflected better the 
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stress in development than femur, which is a highly functional trait, presumably under the 

pressure of natural selection. Natural, e.g. vegetation type, and anthropogenic, e.g. land-

use and road proximity, factors were main drivers of FA differences between habitats.  

 

4. Interannual, seasonal and monthly variations in asymmetry of dysticid beetles from 

Monegros were species specific, likely due to a particular capacity to buffer stress and 

reflect environmental changes. Among beetles, H. pusillus showed significant temporal 

changes in FA independently of the habitat type. Its populations from reservoirs reliably 

reflected the influence of local climatic variability (temperature, precipitations, freezing 

and glitter days) on FA.  

 

5. Hydroglyphus pusillus showed highly variable fluctuating asymmetry among multiple 

traits. Patterns in FA can be explained by among-trait proximity, functionality and trait 

structural complexity. Between-trait correlations in asymmetry indicated an organism 

wide asymmetry pattern, characteristic to rice field population of H. pusillus. Therefore 

individuals which are asymmetric for one trait in this habitat, have high probability to be 

asymmetric for other ones also. Concordance occurred between traits FA of different 

populations which confirmed the presence of a population asymmetry pattern, which 

means that genetic basis of developmental stability is population specific. The 

relationship between traits was sex- independent, indicating that females and males of H. 

pusillus have the same ability to control development of morphologically integrated traits.  

 

6. Dietary habits of Pelophylax perezi inhabiting rice fields of Monegros were well 

dependent on prey availability, rather than prey type or size. A generalist feeding strategy 

of this species together with an observed lack of inter-size class competition could have 

contributed to the species survival and persistence in highly fluctuating environments.  

 

7. Phenotypic indicators such as body size, mass and condition were relatively weak 

estimators of stressed populations of P. perezi in Monegros.  A number of skeleton traits 

(e.g. humerus, radio-ulna and metatarsal) showed higher levels of FA in rice paddies than 

in reservoirs, suggesting that agricultural conversion was one of the main stressor 

contributing to developmental instability of amphibians. Their asymmetry increased 

towards adult stage, but it was independent of sex. This indicates that the mechanism of 

feedback controlling the development could not buffer the stress. Moreover, the 

asymmetry proved to be a poor indicator of frog condition. Overall the use of FA is 

extremely important as it may give a more accurate picture of wealth state of frog 

populations in habitats converted to agriculture, than basic fitness indicators. 
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Appendices 10 
 

 

Appendix I 
 

 

Resumen de la tesis 
 

Hoy en día la degradación y pérdida de hábitats acuáticos como consecuencia de 

la agricultura intensiva y el cambio climático son unas de las mayores amenazas globales 

para las especies, comunidades y funcionamiento de los ecosistemas. La biota que habita 

los humedales creados por la agricultura en zonas áridas y semiáridas es objeto de un 

creciente interés científico sobre todo debido al aislamiento de poblaciones y la 

disminución de la calidad de sus hábitats. Los organismos acuáticos en estos ambientes, 

además de soportar variaciones climáticas severas, están expuestos a diversas prácticas 

agrícolas como cambios en el uso del suelo, periodos de inundación y sequia, aplicación 

de productos agroquímicos, todos estos pudiendo afectar rasgos biológicos importantes 

como el crecimiento, la reproducción y la supervivencia.  

Entender la adaptación de los organismos a cambios ambientales es esencial para 

la ecología y biología evolutiva, especialmente en el contexto de las variaciones 

ambientales inducidas por el hombre que representan una amenaza para la biodiversidad 

global. A la hora de predecir las respuestas de las especies a tales cambios es fundamental 

tener en cuenta los patrones espaciales de adaptación local y la dinámica de poblaciones a 

diferentes escalas geográficas. 

La tesis surgió de la necesidad de entender los principales procesos biológicos y 

ecológicos en los humedales creados por la agricultura en zonas áridas, así como  por el 

interés de cuantificar la capacidad de la biota para reflejar la magnitud del estrés 

ambiental en estos ecosistemas. Para esto he evaluado la influencia de un número de 

factores ambientales sobre el desarrollo morfológico de varios depredadores 

(invertebrados y vertebrados) acuáticos y las relaciones hábitat-especie a escala espacial y 

temporal. El estudio se llevó a cabo en la parte central de Monegros, una zona árida en el 

noreste de la Península Ibérica. Durante las últimas seis décadas esta región ha 

experimentado una transformación radical del paisaje como consecuencia de la 
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agricultura intensiva, pero también ha sufrido una degradación aguda debido al aumento 

de la salinidad y erosión del suelo, y sobre todo por la contaminación agroquímica. 

El presente trabajo está dividido en dos apartados principales. En la primera parte 

he analizado la dinámica poblacional de tres especies ubicuas de coleópteros acuáticos 

(Hydroglyphus pusillus, Laccophilus minutus y Rhantus suturalis; Fam. Dytiscidae), en 

relación con factores ambientales. Otro aspecto importante ha sido evaluar la 

inestabilidad del desarrollo de estas especies, reflejada en el nivel de asimetría fluctuante 

(AF), que es la desviación respeto a la simetría de un carácter bilateral. Además he 

determinado la capacidad de estos organismos de bioindicar elementos traza en el 

ambiente. En la segunda parte he evaluado la inestabilidad del desarrollo en poblaciones 

de anfibios, utilizando Pelophylax perezi como especie modelo, en diferentes estadios de 

desarrollo, junto con un análisis general de su ecología trófica.  

Los resultados indicaron que la sequía, un factor importante para los humedales 

temporales, junto con las variaciones climáticas locales, las características del hábitat y el 

ciclo de vida de las especies fueron los principales impulsores de la dinámica de la 

comunidad de coleópteros acuáticos. Por otra parte la respuesta a factores climáticos 

como radiación ultravioleta y precipitaciones es específica para cada especie, 

probablemente debido a las diferencias en la historia de vida. La hidrología y la 

permanencia del hábitat, así como la cubierta y tipo de vegetación acuática fueron los 

principales determinantes de la distribución de ditíscidos en Monegros. Además, los 

coleópteros mostraron una buena capacidad de bioindicar elementos traza en el ambiente. 

Entre ellos, R. suturalis mostró la sensibilidad más alta de reflejar la contaminación 

agrícola en los humedales de Monegros.  

En cuanto a la inestabilidad en el desarrollo de los coleópteros acuáticos, los 

resultados revelaron que es específica de cada especie, cada carácter medido y hábitat 

analizado. En general, las poblaciones de los arrozales experimentaron una AF mayor que 

los de otros humedales. Algunas características naturales (vegetación acuática y 

emergente), y antropogénicas (uso del suelo y proximidad de carreteras) han sido los 

factores vinculados a los niveles de asimetría más altos. No obstante la heterogeneidad 

del paisaje, incluyendo la proximidad de tierras de regadío, ha sido asociada a una baja 

AF, sugiriendo que puede contribuir a la persistencia de los coleópteros depredadores 

acuáticos en los paisajes agrícolas. Por otra parte las poblaciones que habitan los 

embalses reflejaron mejor la influencia de las condiciones climáticas, tales como la 
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precipitación media, la frecuencia de días con lluvia, roció y temperaturas bajo 0, sobre la 

estabilidad del desarrollo.  

Se ha observado la existencia de patrones de correlación entre la AF de múltiple 

caracteres de H. pusillus, basados en la funcionalidad y complejidad estructural de estos. 

Por ejemplo, la AF de los caracteres altamente funcionales y complejos como los élitros y 

las patas, ha sido correlacionada pero menor que la de otros rasgos morfológicos. Por otra 

parte, segmentos adyacentes como el fémur y la tibia, han sido más relacionados en 

término a la asimetría que otros más distanciados, como el fémur y el tarso. Un análisis de 

concordancia mostró un  patrón individual y poblacional de AF. Esto indica una base 

genética común y una habilidad de  amortiguar el estrés durante el desarrollo de esta 

especie, determinada por  mecanismos que se deberán investigar en detalle. 

Entre los vertebrados, los anfibios son uno de los grupos que están en peligro de 

extinción principalmente debido a la intensificación de la agricultura. La segunda parte de 

la tesis reveló que la rana ibérica, P. perezi, es un depredador generalista en los arrozales 

de Monegros. La especie utilizó los recursos tróficos disponibles en su hábitat 

independientemente del tamaño y tipo de sus presas. Estos hábitos alimenticios pueden 

haberla ayudado a colonizar y prosperar en este paisaje de regadío.  

Algunos indicadores fenotípicos como el tamaño y el peso fallaron detectar 

poblaciones de P. perezi bajo estrés ambiental. A pesar de un aumento de la condición 

física de las ranas en los arrozales, estas experimentaron un aumento de la AF. Esto 

indica que un crecimiento demasiado rápido puede favorecer la aparición de errores en el 

desarrollo. Estos resultados implican que la asimetría fluctuante es una herramienta 

valiosa para identificar anfibios que sufren estrés en los paisajes agrícolas.  

Una de las conclusiones importantes de esta tesis es que la AF de múltiples 

caracteres de depredadores acuáticos (invertebrados y vertebrados) puede predecir con 

fiabilidad el estrés ambiental en poblaciones que viven en hábitats con diferentes niveles 

de manejo antrópico. Ha sido también interesante descubrir que algunos factores 

climáticos pueden afectar de forma significativa la estabilidad del desarrollo de estos 

organismos. Tales factores podrían ser determinantes importantes de la supervivencia de 

las especies de depredadores acuáticos en ambientes sujetos a cambios frecuentes. A 

pesar de la vulnerabilidad de las especies a las limitaciones del hábitat, el paisaje 

heterogéneo puede reducir el riesgo de disminución de poblaciones a nivel regional. 

Aparentemente, estos organismos tienen estrategias de dispersión y alimentación 
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adecuadas a sus hábitats, pero la asimetría fluctuante reveló que su futura persistencia en 

estos paisajes es incierta. 

 

Palabras clave: Monegros, zona árida, regadío, arrozales, depredadores acuáticos, 

Dytiscidae, anfibios, inestabilidad del desarrollo, asimetría fluctuante, uso de hábitat, 

estrés ambiental 
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Appendix II 

 

Principales resultados, discusión y conclusiones 

 

En las regiones áridas y semiáridas, los humedales son ecosistemas complejos y frágiles 

que están sometidos a cambios extremos durante los ciclos húmedos y secos. Sin 

embargo, ellos juegan un papel muy importante en mantener la biodiversidad y la calidad 

ambiental (Schmid et al., 2006). La presión humana, sobre todo la intensificación de la 

agricultura, ha contribuido en gran medida a la degradación de estos ecosistemas, con 

consecuencias negativas para la biota acuática. Cambios significativos en las 

características del hábitat y el paisaje de los humedales artificiales creados por la 

agricultura de riego pueden limitar el desarrollo de los organismos que los habitan. Entre 

estos, los depredadores acuáticos son importantes componentes de la cadena trófica. 

Entender profundamente su ecología y biología es imprescindible para elucidar la 

estructura, función y dinámica de los ecosistemas acuáticos en ambientes fluctuantes. El 

objetivo principal de esta tesis ha sido determinar y cuantificar patrones importantes en 

las características fenotípicas de los depredadores acuáticos (invertebrados y vertebrados) 

y las relaciones especies-hábitat en el contexto de las modificaciones ambientales en el 

paisaje agrícola de los Monegros, en el NE de la Península Ibérica. 

 

Dinámica de poblaciones de coleópteros acuáticos en el paisaje agrícola 

Los ecosistemas de agua dulce se rigen generalmente por una plétora de factores 

ecotópicos que operan a diversas escalas temporales y espaciales. Esto afecta la 

dispersión de especies, la dinámica de sus poblacionales y en última instancia, modelan 

las estrategias de supervivencia de las mismas. Entender las respuestas ecológicas y 

morfológicas, y la adaptación de la fauna acuática a los ambientes temporales creados por 

el regadío es esencial para evaluar el funcionamiento de estos ecosistemas y su futura 

gestión. Como resultado de la introducción del regadillo en Monegros, han surgido varios 

tipos de hábitats acuáticos con mayor o menor impacto antrópico sobre la biota, 

incluyendo arrozales, embalses y charcas temporales. Los cambios en el uso del suelo al 

tipo intensivo, ha ido elevando la presión sobre los nuevos ecosistemas y los organismos 

acuáticos, muchas veces restringiendo sobre la disponibilidad de  hábitats. A pesar de la 

ubicuidad de los humedales temporales en los paisajes agrícolas, preguntas importantes 
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quedan abiertas sobre la historia de vida de los coleópteros acuáticos que habitan estos 

ambientes.  

Acorde a los resultados de esta tesis la dinámica espacial de los ditíscidos en 

Monegros ha sido relativamente limitada, independientemente del tipo de hábitat y su 

nivel de manejo antrópico (Capítulo 2). Lo más probable esto es debido a la típica 

proximidad de los hábitats acuáticos en los paisajes agrícolas. Entre las especies 

Hydroglyphus pusillus y Laccophilus minutus pueden ser particularmente resistentes a los 

periodos de sequía, ya que pueden sobrevivir enterrados en el sustrato húmedo de los 

campos de riego, incluso después de ser drenados. Esta capacidad de explotar una amplia 

gama de condiciones de hábitat puede ser una ventaja, y las especies generalistas de este 

punto de vista pueden ser más exitosas. Sin embargo, otras especies como Rhantus 

suturalis mostraron mayores densidades en los embalses en comparación con los 

arrozales y las charcas temporales. Esto es probablemente un reflejo de la sensibilidad de 

esta especie al régimen hídrico (e.g. Whiles y Gordowitz, 2005), que es más permanente 

en los embalses que en los campos de cultivo. Los coleópteros acuáticos registraron una 

mayor densidad en el período seco de los arrozales que en el tiempo de riego, lo que 

implica una dinámica estacional de las poblaciones. Si bien los ciclos de vida de estos 

insectos están relacionados a la disponibilidad del hábitat, se sabe también que estas 

especies son univoltinas, con marcados patrones estacionales. Los resultados y las 

observaciones de campo indicaron un periodo reproductor en primavera, con larvas en 

verano, y nuevos adultos hibernando enterados en los sedimentos.  

Entre los factores ambientales, un aumento de la radiación ultravioleta-B y la 

precipitación han sido relacionados a una densidad menor de H. pusillus y R. suturalis, 

respectivamente. La superficie y profundidad del agua de los habitats, asi como la 

cobertura de la vegetación acuática y su tipo han sido las principales características del 

hábitat que influyeron significativamente la dinámica poblacional de los ditíscidos en 

Monegros. Resultados similares fueron registrados anteriormente (Klecka, 2008) sobre 

los coleópteros que habitan humedales agrícolas en el sur de Bohemia (República Checa). 

Asimismo, otros estudios mostraron que la permanencia del hábitat, aquí representado por 

la superficie del agua, es de gran importancia para la estructura de la comunidad de 

ditíscidos en los paisajes agrícolas (Lundkvist et al., 2001). Esto apunta a que los 

ditíscidos Europeos en zonas agrícolas pueden tener requerimientos ecológicos similares. 

El régimen hídrico, descrito segun las fluctuaciones en el nivel del agua, se asoció con la 
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densidad de los ditíscidos, subrayando el papel importante que tiene en la dinámica 

poblacional. Cambios en la densidad de especies en relación con el régimen hídrico son 

generalmente el resultado de su adaptación para persistir en un determinado tipo de 

cuerpo de agua. Jeffries (2003, 2005) observó que la incidencia de adultos ditíscidos está 

relacionada con la longitud de los ciclos de inundación-sequía. Un período seco alargado 

puede limitar la distribución de los coleópteros acuáticos y por lo tanto la comunidad de 

depredadores puede verse afectada, con consecuencias para el funcionamiento y los 

servicios del ecosistema. La asociación de la densidad de ditíscidos con la vegetación 

acuática especialmente en descomposición refleja las preferencias ecológicas y de hábitat, 

siendo especies que habitan principalmente aguas estancadas, donde la vegetación 

descompuesta y los sedimentos ricos en materia orgánica representan su hábitat óptimo. 

Además, la vegetación ofrece zonas de refugio, reproducción y alimentación para los 

depredadores acuáticos. Este estudio proporciona información de referencia sobre la 

ecología de coleópteros acuáticos depredadores en paisajes alterados. Esta es 

potencialmente útil para los esfuerzos de evaluación de la calidad ambiental en tales 

paisajes. 

 

Coleópteros acuáticos, bioindicadores de elementos traza en humedales artificiales 

Está bien conocido que las zonas agrícolas pueden acumular metales pesados 

potencialmente tóxicos resultados del uso de fertilizantes y agroquímicos. Esto ha llegado 

a ser por lo tanto de especial interés ambiental y humano. Cuantificar los patrones de 

acumulación de elementos traza en la biota es importante para entender el destino de tales 

elementos en el medio-ambiente y, en general, conocer su impacto sobre el ecosistema. 

En el capítulo 3 he evaluado la capacidad de los coleópteros acuáticos depredadores como 

posibles bioindicadores de elementos traza en los humedales de Monegros. Un análisis 

categórico de componentes principales ha sido examinado como un nuevo enfoque 

estadístico para elucidar las relaciones entre los metales, la biota y el tipo de hábitat.  

Los resultados mostraron que, excepto As y Se, las concentraciones medias de los 

demás metales evaluados (Al, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd y Pb) han sido mayores en 

los arrozales que en los embalses. Sin emabrago, la acumulación de elementos traza ha 

sido específica para cada especies. Por ejemplo, H. pusillus acumuló Fe, Ni y Mn, 

independientemente del tipo de hábitat. Por otro lado, L. minutus acumuló más Se en los 

hábitats con menos manejo antrópico (es decir, en los embalses), mientras que R. 
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suturalis acumuló más Al, Mo y Pb en los arrozales. Esta última especie parece ser un 

prometedor bioindicador de elementos traza en los campos de arroz. Según los resultados 

presentados se puede concluir que los coleópteros acuáticos son buenos candidatos para 

bioindicar elementos traza en ambientes afectados y no afectados por el uso agricola. El 

análisis categórico de componentes principales demostró ser un método fiable para 

revelar el patrón de acumulación de metales en invertebrados acuáticos en acuerdo con 

las condiciones del hábitat. El uso de diferentes especies es particularmente importante, 

ya que proporcionan una visión amplia de la entrada de metales en el ambiente. 

 

Inestabilidad en el desarrollo de los coleópteros acuáticos  en paisajes alterados 

  La sensibilidad pronunciada de los ecosistemas de agua dulce a múltiples factores 

de estrés tanto natural como antrópico despertó una necesidad preeminente de encontrar 

sensores fiables de los cambios ambientales. En el capítulo 4 he examinado la 

variabilidad espacial de la asimetría fluctuante (AF; definida como pequeñas desviaciones 

de la simetría de los caracteres con simetría bilateral) de H. pusillus, L. minutus y R. 

suturalis, y su asociación con factores del hábitat y del paisaje. Dos caracteres con 

funcionalidad distinta como el palpo maxilar (carácter sensorial) y el fémur del tercer par 

de patas (carácter motor) mostraron una variabilidad significativa de la AF entre los sitios 

de muestreo y el tipo de hábitat, en función de cada especie. Hydroglyphus pusillus 

registró mayores niveles de AF en los arrozales que en los embalses u otros humedales 

temporales. Los arrozales de Monegros son conocidos por recibir la entrada de 

agroquímicos con consecuencias negativas para la biota acuática (Pastor et al., 2004). Por 

lo tanto, H. pusillus es un bioindicador sensible de la degradación de estos hábitats y la 

conversión del paisaje para el uso agrícola. Con respecto al tipo de uso del suelo, este ha 

sido muy importante para la estabilidad en el desarrollo de H. pusillus y L. minutus.  

La proporción relativa de arrozal y bosque en el entorno de los hábitats 

estuudiados contribuyó a un aumento en el nivel de AF de estas especies, a diferencia de 

la proporción de otras tierras de riego (en mayoria campos de alfalfa y maiz) alrededor de 

los sitios de muestreo. Sorprendentemente el bosque parece ser una fuente de estrés para 

el desarrollo de los coleópteros acuáticos. Esto probablemente se debe a su papel de 

barrera, impidiendo la dispersión, y consecuentemente reduciendo el flujo genetico entre 

los hábitats. Por el contrario, la proximidad de otros campos de regadío, excepto 

arrozales, ofrece buenas oportunidades de dispersión para los coleopteros y de colonizar 
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nuevos cuerpos de agua. Este último tipo del uso del suelo, parece contribuir a un óptimo 

desarrollo y crecimiento de las dos especies. 

Una mayor estabilidad en el desarrollo de H. pusillus y L. minutus ha sido 

positivamente relacionada con una mayor distancia a las carreteras circundantes. La 

proximidad de carreteras ha sido previamente indicada como factor de estrés para la fauna 

silvestre, determinando un incremento de su AF (Tull y Brussard, 2007). Por lo tanto, las 

especies que habitan los hábitats situados lejos de las carreteras tienen más oportunidad 

de tener un buen desarrollo y mayor supervivencia. 

Dada la alarmante perdida de biodiversidad en los humedales Mediterráneos en las 

últimas décadas debido principalmente a la agricultura intensiva (Abellán et al., 2006), la 

AF podría usarse de forma fiable para indicar poblaciones bajo estrés ambiental.  

 

Coleópteros acuáticos, su inestabilidad en el desarrollo y la influencia del clima 

  En general, las poblaciones naturales mantienen un estado de equilibrio de su 

fitness a través de mecanismos de feedback que controlan el desarrollo morfológico bajo 

la influencia de factores ambientales y genéticos. Ciertos factores antropogénicos, como 

la fragmentación del hábitat y los distintos contaminantes, junto con cambios en los 

parámetros climáticos tienen el potencial de aumentar la inestabilidad en el desarrollo de 

los organismos (Graham et al., 1993). La mayoría de estudios de campo sobre AF han 

sido centrados principalmente en el estrés de origen antrópico, mientras que la influencia 

del clima ha sido descuidada. En el capítulo 5 he analizado las variaciones temporales en 

la AF de tres coleópteros acuáticos (H. pusillus, L. minutus y R. suturalis) y las posibles 

relaciones con una serie de factores climáticos.  

Cambios fenotípicos a escala anual, estacional y mensual han sido comparados 

entre las poblaciones de arrozal y embalse para discriminar mejor los cambios en el 

desarrollo morfológico de los coleópteros inducidos por factores climáticos de los 

antrópicos. Amplias variaciones temporales han ocurrido en la AF de cada especie. Por 

ejemplo, H. pusillus registró un aumento significativo del nivel de asimetría en el 2003 

comparando con en el 2004 en los dos habitats, mientras que para R. suturalis, este 

incremento ha sido observado solo en los embalses. No obstante de las tres especies solo 

H. pusillus aumento la AF en el período de riego. Esto sugiere que los adultos que 

emergieron durante el verano en los humedales agrícolas de Monegros experimentaron un 

nivel alto de estrés. Esto pude haber sido ocasionado por un uso excesivo de pesticidas 
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para controlar una plaga inusual del arroz durante el verano de 2003, debido a las 

variaciones inusuales del clima durante el mismo período o por una mezcla de ambos 

factores. Examinando la relación de la AF con los factores climáticos, los resultados 

revelaron que las poblaciones de H. pusillus de los embalses (menos afectadas por las 

prácticas agrícolas) tenían su AF asociada con la cantidad media de precipitaciones, las 

frecuencias de días de lluvia, roció y helada. Estas poblaciones parecen reflejar bastante 

bien la presión del clima local sobre la estabilidad del desarrollo. Sin embargo, en los 

estudios de campo es generalmente difícil cuantificar la participación de diferentes 

factores climáticos y antropogénicos sobre el desarrollo morfológico de la fauna. En un 

siguiente experimento de mezocosm que relaice en condiciones libres de químicos o uso 

del suelo, indicó que los factores del hábitat ensombrecen la influencia del clima sobre la 

estabilidad del desarrollo de H. pusillus. Tanto en el mezocosm como en los arrozales y 

los embalses, la AF disminuyó significativamente hacia el final del período estival. 

Futuros trabajos serán necesarios para determinar si variaciones climáticas a escalas más 

temporales más amplias, como el cambio climático, puede influeir en el fitness de la 

fauna que habita ambientes antropicos. 

 

Patrones en la inestabilidad del desarrollo de múltiples caracteres en coleópteros 

acuáticos  

El desarrollo normal de la parte derecha e izquierda de un carácter con simetría 

bilateral está generalmente controlado por mecanismos de feedback. Estos mecanismos 

modelan un crecimiento compensatorio entre los diferentes caracteres según la función de 

cada uno. Entender los mecanismos que determinan el desarrollo de los caracteres 

bilaterales es esencial en la interpretación de los patrones en la AF. usando el crecimiento 

compensado. En el capítulo 6 he examinado las relaciones entre la asimetría de múltiples 

caracteres (antena I, palpo maxilar, palpo labial, fémur I, tibia I, fémur II, tibia II, fémur 

III, tibia III y élitro) en poblaciones de H. pussilus habitando arrozales y embalses, con el 

fin de determinar los patrones de AF. Los individuos de los arrozales mostraron 

correlaciones positivas entre la AF sin signo de caracteres altamente funcionales como 

fémur y élitro. Esto sugiere que la funcionalidad es muy importante a la hora de 

asiganción de recursos en el desarrollo. Por otra parte, correlaciones significativas 

también han sido registradas entre rasgos que pertenecen a la misma unidad de desarrollo, 

por ejemplo entre fémur y tibia. Por lo tanto los individuos que tienen un índice alto de 
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asimetría para un carácter pueden mostrar una alta asimetría en otros caracteres 

relacionados.  

La realción entre los caracteres de H. pusillus en la población de arrozal indica un 

desarrollo interdependiente de estos rasgos morfológicos integrados. En este caso la 

asimetría parece ser más bien una característica típica del individuo.  

Por el contrario, en los embalses los coleópteros registraron bajas correlaciones y 

ausencia de concordancia entre varios caracteres. Es decir, los rasgos de estos individuos 

reflejan diferentemente la cantidad de estrés (ambiental y/o genético) recibido. A pesar de 

ello, la asimetría de multiples caractres de las poblaciones de arrozal y embalse ha sido 

concordante, lo que indica un patrón común de asimetría poblacional. Esto indica que la 

AF de múltiples caracteres contiene información acerca de la genética de la inestabilidad 

del desarrollo de una especie. Por otra parte, en la literatura es común encontrar 

concordancia de asimetrías entre poblaciones, pero no necesariamente dentro de las 

poblaciones (Soulé, 1967). Aunque, la asimetría ha sido tradicionalmente considerada un 

parámetro de la población (Zakharov, 1989), su uso se ha extendido a nivel individual 

(Söderman et al., 2007).  

Un análisis de los patrones de asimetría de 20 caracteres entre sexos mostró un 

patrón común de resistir al estrés entre los machos y las hembras de H. pusillus.  

En general, la asimetría de los rasgos múltiple mostró un mapa detallado de la 

estabilidad del desarrollo a nivel individual y poblacional, siendo relacionado con el tipo 

funcional de cada carácter. Las correlaciones observadas apuntan a un mecanismo de 

feedback entre diferentes caracteres. Este estudio mostró la integridad del desarrollo que 

puede ayudar a entender la evolución de los caracteres complejos. 

 

Uso del hábitat en anfibios anuros  

Los anfibios que habitan regiones agrícolas están sujetos a incertidumbres en los 

recursos tróficos, principalmente debido a los ciclos irregulares de inundación y drenaje 

de los campos de cultivo. Tales restricciones en las condiciones del hábitat puede limitar 

aspectos importantes de su historia de vida (Allentoft y O'Brien, 2010). La rana verde 

ibérica, Pelophylax perezi, es el único anuro que habita los arrozales de Monegros. A 

pesar de que su ecología y biología están bien documentadas, las poblaciones de arrozal 

han recibido poca atención. 
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En el capítulo 7 he determinado los patrones cualitativos y cuantitativos de la dieta de P. 

perezi en arrozales de la parte central de la zona árida Monegros en relación con la 

disponibilidad de presas y la etapa de desarrollo de las ranas. Los resultados revelaron 

que las ranas de distinta clase de edad han utilizado los recursos tróficos en proporción 

con los disponibles en el medio ambiente, independientemente del tipo o tamaño de las 

presas. Las ranas consumieron un gran número de dípteros lo que sugiere que esta 

especie, además de contribuir a la regulación de las cadenas tróficas en el ecosistema de 

arrozal, pueda controlar las poblaciones de mosquitos u otras plagas en este ambiente. 

Comparando los resultados con estudios similares sobre la misma especie en la 

Península Ibérica, el consumo de dípteros aumentó con la latitud, lo que sugiere una 

mayor disponibilidad de estas presas hacia el norte. Un bajo solapamiento en el nicho 

trófico se encontró entre las diferentes clases tamaños (ranas recién metamorfoseadas, 

juveniles y adultos), lo que implica una baja competeción entre individuos. Por otra parte, 

una amplitud elevada de nicho trófico indica que P. perezi tiene una dieta generalista, que 

puede haberla ayudado a persistir en los paisajes agrícolas en esta zonas áridas. 

 

Cambios fenotípicos en los anfibios anuros en paisajes degradados  

Entre los vertebrados, los anfibios son generalmente filopátricos, es decir, especies 

con afinidad para un hábitat determinado (Blaustein et al., 1994). Esta característica los 

hace particularmente vulnerables a la degradación del medio ambiente. Una disminución 

global de las poblaciones de anfibios, debido a la intensificación de la agricultura ha 

hecho que la conservación de estos organismos y un manejo sostenible de su hábitat sean 

objetivos de alta prioridad para la comunidad científica y los organismos públicos 

(Houlahan et al., 2000). Una forma de evaluar la sensibilidad de los anfibios a la 

alteración del hábitat es medir sus cambios fenotípicos en hábitats con diferentes niveles 

de alteración antrópica. En el capítulo 8, he examinado las variaciones fenotípicas, 

específicamente cambios de tamaño, masa, condición corporal y asimetría fluctuante de 

Pelophylax perezi en humedales con diferente grado de impacto agrícola (arrozal y 

embalse) en Monegros. Diferentes características del esqueleto (tibio-fibula, húmero, 

metatarso y radio-cúbito) en ranas de diferentes clases de tamaño, edad y sexo han sido 

consideradas para evaluar su sensibilidad al estrés ambiental causado por la conversión de 

tierras a la agricultura intensiva.  
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Pelophylax perezi no mostró cambios relevantes en su tamaño y masa corporal 

entre distintos hábitats, no obstante registro modficaciones significativas en su condición 

corporal y asimetría fluctuante se modificaron significativamente. La condición corporal 

de las ranas incrementó inesperadamente en los arrozales, junto con un aumento de la 

asimetría. Esto indica que un crecimiento demasiado rápido está relacionado con errores 

en el desarrollo. Los resultados corroboran estudios anteriores en otros organismos que 

mostraron mayores niveles de AF asociados a un crecimiento acelerado (De Block et al., 

2008).  

Entre los caracteres, el metatarso, el húmero y el radio-cúbito mostraron una AF 

significativamente mayor en los arrozales en comparación con los embalses, lo que 

sugiere que pueden ser fiable bioindicadores de estrés. Por lo tanto, se recomienda su uso 

para evaluar el grado de estrés en otras poblaciones de anfibios que habitan regiones 

degradadas.  

A nivel individual, la AF ha sido relacionada con la funcionalidad de los 

carácteres, pero no con el sexo de las ranas. Por ejemplo, los caracteres altamente 

funcionales, como el fémur mostraron una AF inferior que otros rasgos morfológicos. Un 

aumento en el nivel de AF se observó en la edad adulta, lo que significa que los 

individuos no fueron capaces de amortiguar el estrés durante el desarrollo. Los resultados 

ofrecen información importante sobre el estado de salud de las poblaciones de anfibios en 

los arrozales de Monegros, lo que puede ser útil en el manejo sostenible de sus hábitats.  
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Conclusiones  

 

Usando una combinación de enfoques ecológicos y morfológicos esta tesis ha 

hecho una considerable contribución para comprender las relaciones de la comunidad de 

depredadores acuáticos con el medio ambiente en los humedales artificiales de una zona  

árida y degradada. Asimismo destacó la influencia de la condición del hábitat y su uso 

para la dinámica de poblaciones, hábitos alimenticios y desarrollo morfológico de 

invertebrados y vertebrados depredadores en estos ambientes. Algunas especies de 

coleópteros ditíscidos que son relacionados filogenéticamente tuvieron una capacidad  

diferente de reflejar el estrés ambiental en paisajes alterados. Sin embargo, diferentes 

taxones (escarabajos acuáticos y anfibios) mostraron patrones comunes de la inestabilidad 

del desarrollo, incrementando su nivel de asimetría en los hábitats más afectados por 

factores antrópicos. Por lo tanto, la degradación del paisaje puede afectar por igual la 

capacidad de la biota acuática de adaptarse y/o persistir en los humedales temporales. 

La asimetría fluctuante de distintos caracteres identificó con precisión la perturbación del 

hábitat y discriminó diferentes tipos de influencia antrópica y natural sobre la estabilidad 

del desarrollo de los depredadores acuáticos. En el contexto de la pérdida global de 

biodiversidad, la asimetría fluctuante puede ser una herramienta fiable para el 

biomonitoreo de los ecosistemas de agua dulce.  

 

Las contribuciones específicas de cada capítulo de esta tesis son las siguientes:  

 

1. Los coleópteros depredadores acuáticos (Hydroglyphus pusillus, Laccophilus minutus y 

Rhantus suturalis) fueron relativamente uniformemente distribuidos en los humedales 

artificiales de Monegros, sus poblaciones siendo sostenidos por la gran variedad de 

charcas de regadío. Su distribución estacional fue relacionada con los ciclos de vida de 

cada especie y las variaciones locales en los factores climáticos como la precipitación y la 

radiación ultravioleta-B. La vegetación acuática, la permanencia del hábitat y el 

hidroperíodo dictaron la dinámica de las poblaciones, este último siendo extremadamente 

importante en cuerpos de agua temporales. 

 

2. Los coleópteros acuáticos tuvieron una capacidad diferente de bioacumulación de 

elementos traza en diversos hábitats en Monegros, siendo específica para cada especie. En 
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general, las concentraciones medias de elementos traza en los ditíscidos fueron mayores 

en los arrozales que en los embalses. El análisis categórico de componentes principales 

estimó de una manera fiable las diferencias en los patrones de acumulación de varias 

especies entre distintos hábitats. En general los coleópteros depredadores acuáticos son 

buenos candidatos para bioindicar elementos traza en ambientes afectados y no afectados 

y pueden ser utilizados en estudios de monitoreo ambiental. Sin embargo, recomiendo el 

uso de varias especies para obtener información más completa sobre el nivel de 

perturbación de los sistemas estudiados. 

3. La distribución espacial de la asimetría fluctuante (AF) en los coleópteros acuáticos fue 

dependiente de la especie y el carácter. Hydroglyphus pusillus reflejó mejor la 

degradación del hábitat que las otras especies (L. minutus y R. suturalis). Entre los 

caracteres, el palpo maxilar, que es un carácter sensorial, mostró mejor el estrés que 

afecta el desarrollo que el fémur, que es un rasgo muy funcional, probablemente bajo la 

presión de la selección natural. Los factores naturales, por ejemplo, tipo de vegetación, y 

antropogénicos, por ejemplo, tipo del uso del suelo y la proximidad de carreteras, fueron 

los principales impulsores de las diferencias en AF entre distintos hábitats. 

4. Las variaciones interanuales, estacionales y mensuales en la asimetría de los distícidos 

en Monegros fueron específicas para cada especie, probablemente debido a la capacidad 

particular de cada una para amortiguar el estrés y revelar cambios ambientales. Entre los 

coleópteros, H. pusillus mostró importantes cambios temporales en el nivel de AF 

independientemente del tipo de hábitat. Sus poblaciones de los embalses reflejaron de una 

manera fiable la influencia de la variabilidad climática local (temperatura, 

precipitaciones, frecuencia de días de heladas y roció) sobre la AF. 

5. Hydroglyphus pusillus mostró una asimetría fluctuante muy variable entre múltiples 

caracteres. La proximidad entre estos, la funcionalidad de cada uno y su complejidad 

estructural pueden explicar los patrones de AF observados. Los individuos de los 

arrozales mostraron correlaciones positivas entre la AF de los caracteres, lo que indica la 

existencia de un patrón individual de asimetría. Por lo tanto los individuos de este hábitat 

que son asimétricos para un carácter, tienen alta probabilidad de ser asimétricos para otros 

también. La asimetría de varios caracteres de diferentes poblaciones de H. pusillus mostró 

ser concordante, lo que confirmó la presencia de un patrón poblacional de asimetría; esto 

significa que la base genética de la estabilidad del desarrollo es especifica de la 
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población. Correlaciones ocurrieron entre la asimetría de los rasgos independientemente 

del sexo, lo que indica que las hembras y los machos de esta especie tienen la misma 

capacidad para controlar el desarrollo de rasgos integrados morfológicamente.  

 

6. Los patrones de la dieta de Pelophylax perezi que habita los arrozales en Monegros 

estuvieron relacionados con la disponibilidad de presas en el ambiente, pero no con el  

tipo o tamaño de presa. Una estrategia de alimentación generalista de esta especie junto 

con una falta de competitividad entre diferentes clases de tamaño de las ranas pudo haber 

contribuido a la supervivencia de la especie y la persistencia en ambientes altamente 

fluctuantes. 

 

7. Los indicadores fenotípicos tales como el tamaño corporal, la masa y la condición 

corporal fueron relativamente débiles a la hora de estimar poblaciones de P. perezi bajo 

estrés ambiental en Monegros. Algunos caracteres del esqueleto (húmero, radio-cúbito  y 

metatarso) mostraron una asimetría mayor en los campos de arroz que en los embalses, lo 

que sugiere que la conversión del terreno a la agricultura fue uno de los responsables de la 

inestabilidad en el desarrollo de los anfibios. La asimetría incremento al estado adulto, 

pero no dependió del sexo. Esto indica que el mecanismo de feedback que controla el 

desarrollo no pudo amortiguar el estrés a lo largo del crecimiento. Por otra parte, la AF 

fue un pobre indicador de la condición corporal de las ranas. En general, el uso de la AF 

es esencial ya que puede dar una imagen más precisa del estado de salud de las 

poblaciones de ranas en regiones convertidas a la agricultura, que los indicadores básicos 

del fitness. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 



 

 

 

 


