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The impact of small physical obstacles on the structure of

freshwater Íish assemblages

I
Carlos Manuel Engeitado Alexandre
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Grande, I 7 49-0 I 6 Lisboa. E-mail : carlos. a. alexandre@clix.pt

ABSTRACT

Many studies have assessed the effects of large dams on fishes but few have examined úe

effects of small obstacles. Fishes were sampled and environmental variables were characteized

at 28 sites in two Iberian süeams, 14 located immediately downstream, upstream and between

five small obstacles at River Muge and 14 at River Erra, considered as the reference steam.

Multivariate analysis indicated that habitat variables like current velocity and depth, but not

physicochemistry, were the main responsible for site groups' discrimination in both streams.

The reference stream eúibited a longitudinal gradient of current velocity that, however, wasn't

strong enough to cause significant changes in the fish assemblage's composition and structure.

By successive and drastically repeating this gradient near each structure, úe obstacles stream

presented differences in fish fauna between the three site types. Lentic upstream sites presented

higher density of limnophilic, omnivorous and exotic species, like gudgeon Gobio lozanoi,who

are well adapted to this type of habitat. Downsffeam and between obstacles sites were

characteized by the dominance of rheophilic and invertivorous t@ea, especially barbel

Luciobarbus bocagei. Richness metrics did not differ among site types, but diversity was higher

in sites located between the obstacles away from its direct influence, where the habitat diversity

was higher. Contrarily to upstream sites, downstream and between obstacles sites were similar

in many of the studied features to the reference streanq implying that this type of structures

cause a higher modification in the upstream fish community. This study suggests that the effects

of small obstacles on habitat and fishes are similar, in some extent, to those reported for larger

dams, proüding important considerations for riverine ecosystem conservation efforts.

KEYWORDS: Fish assemblages, small physical obstacles, habitat fragmentation, connectiüty,

ecological guilds, Portugal.
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Influência dos obstáculos de pequena dimensão

estrufuração dos agrupamentos piscícolas

na

RESUMO

O efeito das grandes ba:ragens na comunidade piscícola vem sendo docnmentado por

numerosos estudos, enquanto o número de trabalhos que incidem sobre o efeito dos obstiículos

de pequena dimensão é bastante mais reduzido. A comunidade piscícola foi amostrada e as

variáveis ambientais foram caracteizaÁas em 28 locais diüdidos por dois cursos de ágn da

Península lbérica, 14 dos quais localizados imediatamente a montante, jusante e entre cinco

pequenos obstiículos na Ribeira de Muge e 14 na Ribeira de Erra, considerada a linha de água de

referência. Através de aúlise estatística multivariada foi possível verificar que variáveis de

habitat como a velocidade de corrente e a profundidade, e não as variáveis fisico-químicas,

foram as principais responsáveis pela discriminação dos vários grupos de locais nas duas

ribeiras. A ribeira de referência exibiu um gradiente longitudinal de velocidade de corrente que,

contudo, não era suficientemente forte para causar alterações significativas na composição e

estrutura dos agrupamentos piscícolas. Através da sucessiva e drástica repetição deste gradiente

junto a cada estrutura, a ribeira com obstiâculos apresentou diferenças na fauna piscícola enhe os

três tipos de locais. Os troços lênticos a montante apresentavam t,ma densidade mais elevada de

espécies limnofilicas, omnívoras e exóticas, como o góbio (Gobio lozanoi), que esüío bem

adaptadas a este tipo de habitat. Os locais de amostragem situados a jusante e enfre os

obstáculos caracteizavarn-se pela dominância de taxa reôfrlos e invertivoros (i.e. barbo,

Luciobarbus bocagei). As métricas relacionadas com a riqueza, especifica não apresentaram

diferenças entre os três tipos de locais, ao contriirio da diversidade que foi mais elevada nos

pontos situados enfre os obsfáculos, afastados da sua inÍluencia directa, onde a diversidade de

habitats ta:rrbém é mais elevada. Contrariamente aos locais a montante, os troços a jusante e

entre os obstiículos apresentaram similaridades, em muitas das características estudadas, com a

ribeira de referência, sugerindo que este tipo de estruturas provoca uma alteração mais

significativa na comunidade piscícola a montante. Este estudo sugere que os efeitos dos

pequenos obstaculos no habitat e na ictiofauna são, em parte, semelhantes aos descritos para as

grandes barragens, fomecendo considerações importantes para os esforços de conservação dos

ecossistemas ribeirinhos.

PAL/NVRAS-CHAW: Agrupamentos piscícolas, pequenos obsüículos, fragmentação de habitat,

conectividad e, guilds ecológicas, Portugal.

Submetido para publicação l2 de Fevereiro, 2009 - Rivers Reseorch and Applications
vl



INTRODUCTION

Historically, rivers and adjacent areas have been used by human populations

more than any other type of ecosystem (Jungwirth, 1998). Humans have exploited the

resources provided by rivers and their flood plains and drastically modified them to

reduce the threat to urban areas (Arthington & Welcomme,1995; Jungwirth, 1998). As

a result from this sometimes unruled use, very few water courses maintain their original

integrity (Jungwirth,1998; Jager et a1.,2001). By the early 1900s, most large rivers in

temperate regions had already been modified, and nearly all large rivers in the world are

now impounded by hydroelectric power plants and other hydraulic structures

(Welcomme, 1995). Fragmentation and loss of aquatic habitat originated by the

construction of artificial barriers such as dams, weirs, roads or bridges are some of the

most important anthropogenic actions in this type of ecosystem, at a global scale

(Dynesius & Nilsson, 1994; Jungwirth et a1.,2000; Morita & Yokota, 2002; Nilsson,

2005). [n rivers, fragmentation is easy to accomplish since a single damming event is

enough to isolate adjacent river segments (Jager et aL.,2001).

Unlike many groups of animals, fish movement is limited to within

watercourses. Because of their high mobility and stage-specific movement pattems, as

well their distinct habitat requirements, steam-dwelling fish populations are severely

affected by the disruption of the longitudinal continuum, proving to be sensitive

indicators for assessment of the highly variable connectivity conditions of running

waters over space and time (Jungwirth et a1.,2000; Morita & Yokota, 2002).

The impacts of large dams (i.e. height>l5m defined by Poff & Hart,2002) on

fish are well documented. The obstruction of the dispersal and migration of organisms

is its most discussed effect (i.e. Saunders et al.,l99l; Dynesius & Nilsson, 1994;Peter,

1998; Nilsson, 2005), being directly linked to loss of populations and entire species of

freshwater fishes, but it is easy to find studies reporting other significant impacts of



these sfuctures on the aquatic ecosystems, namely the changes on úe habitat

characteristics from a lotic to a lentic environment (i.e. Martinez et a1.,1994; Godinho

et a1.,1997; Rodriguez-Ruiz, 1998; Guenther & Spacie, 2006), consequently benefiting

the nonnative species, and degradation of the water quality resulting from the high

nutrient accumulation and primary production growth (i.e. Godlewska & Swierzowski,

2003; Carol et a1.,2006). Contrary to the extensive literature that exists about the large

dams, the effects of small obstacles such as weirs, low-head dams, road crossings,

culverts and bridges have received less attention. Most of the studies that have

investigated the impact of such small barriers mainly concern with fish migrations

(Lucas & Frear, 1997;Wanen & Pardew, 1998; Winter & Van Densen, 2001; Ovidio &

Phillipart, 2}}2),populations isolation (Morita & Yokota, 2002; Meldgaard et a1.,2003)

or its application as a method for preventing the invasion of migratory exotic species

(Thompson & Rahel, 1998; Mclaughlin et a1.,2007). However, studies addressing the

impact of small obstacles on fish community structure remain scaÍce and have been

carried out mainly in France and U.S.A (Cumming,2004; Tiemann et aL.,2004; Gillette

et aL.,2005; Poulet, 2007).

Small obstacles designs could vary from simple, low-water fords to massive

concrete or earth-filled structures (Warren & Pardew, 1998; Gibson et a1.,2005). Some

of them may act as semipermeable or seasonal barriers to fish movement, similar to

shallow riffles, others may preclude all movements by fishes, similar to the effects of

dams (Winston et al., l99l). Regardless of their size and complexity, the presence of

these structures is often associated to local changes in the physical structure of the

rivers, mainly the homogenization of several micro-habitat characteristics such as

current velocity, depth, substrate, among others (Hagglund & Sjoberg, 1999; Dodd et

a\.,2003; Santucci et a\.,2005; Poulet, 2007). The native fish fauna of a lotic ecosystem

is generally well adapted to natural fluctuations of the environmental conditions
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(Gehrke & Haris, 2001) but there are clear evidences of an evolution in the way to

exploit specific habitat features, which include for example, highly adapted body fomts

and mouth position. Any fype of change to the habitat stability could alter the life-cycle

of fish species and consequently the local structure pattems of its assemblages

(Welcomme et al., 2006).

The native freshwater fish fauna of the Iberian Peninsula is charactenzedby a

low number of families, with most of the species belonging to the family Clprinidae, a

high degree of diversification at the species level, and the greatest European percentage

of endemism (Doadrio,200l; Clavero et a1.,2004; Rogado et a1.,2005). As in other

Mediterranean peninsulas, the Iberian fluvial network is complex, comprising a high

number of independent river basins where the different species populations are strongly

isolated and highly vulnerable to habitat alterations (Collares-Pereira et al., 2000;

Corbacho & Sanchez,200l; Clavero et a1.,2004).Iberian ichthyofaunas have received

little attention, specially the ones from small rivers, even úough an urgent need for

conservation and plans of action are required (Corbacho & Sanchez, 20Ol). In this

context, a comprehensive assessment of fish biodiversity and their possible relationship

with environmental variables and river alterations should be carried out as an important

management tool for its conservation. ln this work it is presented a comparative analysis

of the fish assemblages' structure of two Iberian streams with similar original

characteristics but different levels of impact from the presence of small physical

obstacles. The aim of this study was to evaluate the hypothesis that the habitat

alterations originated by the presence of this type of structures will promote changes on

the structure of fish assemblages.
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MATERIALS AND METHODS

Study area

In the beginning of 2008, a field survey was conducted in order to find

watercourses with similar abiotic and biophysic characteristics but with different levels

of impact from the presence of smal1 obstacles. The southem basins of the country were

avoided to reduce the structuring effect of their harsh intermittent hydrological regime,

as well rivers with a high regulated flow, caused by the presence of large dams or other

hydroelectrical structures. Rivers were selected using a criterion of minimum evidence

of human disturbance (presence or absence of small obstacles aside) such as major

point-source pollution or agricultural run-off (Dodd et al., 2003). After this survey, two

rivers were selected for this study: River Ena and River Muge (Figure 1). These rivers

belong to the River Tagus basin, considered Europe's fifth major basin in terms of area

and the third on the lberian Peninsula, covering a total surface of about 80629 km2, of

which 24800 km2 (30%) are in Portuguese territory (INAG, 2008a). Being located near

each other in a low altitude (= 54m), reduced slope (4-8%) and high mineralization area

on the sedimentary deposits of the Tagus basin (INAG, 2008a), these rivers are very

similar in what concems to environmental and climate features. The aÍea is

characterued by a low annual rainfall, nearly 730 mm+l18.30 (mean+s.d.), and a high

mean annual temperature (15.5'C+0.38). Both rivers have a low mean annual drainage,

which can vary between 100-200 mm (INAG, 2008a)'

The River Muge is severely affected by the presence of small obstacles, most of

them consisting of bridges for the passage of people and/or vehicles, wiú elevated

bases similar to small weirs or low-head dams. In this third order river, a reach of 17.5

km of length (with the river's total length being 55 km) with five structures of the

described type was selected as the "Obstacles stream". For a more detailed description

of the studied obstacles, please check Appendix I. The River Erra (total length of 37.5
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any obstacle was considered for the study (Figure 1).
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Figure l. Location of úe study area and sampling sites (') in the "Obstacles stream" (River

Muge) and in the "Reference stream" (River Ena). Obstacles are identified by lightening

ü). ,O, UO and B abbreviations represent respectively the sampling sites located

downstream, upstream and between the obstacles, while R represents the sampling sites in

the reference sfream.
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Sampling procedure

In the obstacles stream, sampling was done in three tlpes of sites: immediately

downstream from the obstacles (DO), immediately upstream from the obstacles (UO)

and between obstacles, away from its direct influence (B), in a total of 14 sites. An

equal number of sites were sampled in the reference stream (R), respecting the same

alrangement and distance between them. In similar studies, reference and non-reference

sites were selected and compared in the same watercourse (i.e. Tiemann et a1.,2004;

Poulet, 2007). Considering the longitudinal continuum of the lotic ecosystems and the

linkage between all of its components (see Vannote et a1.,1980), selecting the two types

of reaches in different rivers allows to reduce the indirect effect of the obstacles on the

reference sites (Dodd et a|.,2003).

During May 2008, fishes were collected with a backpack electrofishing device

(Hans Grassl ELT60II HI, 500V DC, 104), following an adaptation of the standard

sampling protocol defined by INAG (2008b) in the scope of the Water Framework

Directive. According to this protocol, the minimum length of the sampling reach should

be 20 times its mean width, never being less than 100 m. In this study, this was the

length sampled in all sites because none of them had more than 5 m of width. Each site

was blocked oft, at its downstream and upstream limits, with 20 mm knot to knot mesh

size nets that were secured to the stream bed to prevent the escape or entry of any fish.

For a better estimation of Íish abundance, a removal method with at least three passes

was completed at each site. Regardless of the higher simplicity and cost-effectiveness of

the single-pass method, which is mostly recommended for simple monitoring progÍams,

úis procedure has proven to be more accurate on successfully determine the fish

abundance in this type of studies (Meador et a1.,2003; Peterson et a1.,2004). After each

pass, fishes were identified and counted allowing a break of ll2h to let úe system

recover and the fishes retake their normal behaviour. Additional electrofishing passes
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were made if necessary until the catch per pass declined by 75Yo or more between

successive passes (Peterson et al.,2OO4). At the end of each pass, nets were cleaned of

debris and inspected to ensure they were barriers to fish passage. All block nets

remained in position until electrofishing sampling was concluded. All captured fish

were placed in oxygenated live wells and held at stream margins. Only after the

conclusion of all passes fishes were retumed alive to their natural environment.

Considering the specific daily variation on the spatial occupation of each tmon, the

sampling procedure was completed at a similar hour and climate conditions in all sites.

For each site sampled, water temperature (oc), dissolved oxygen (mgl-'),

conductivity (pS/cm) and pH (Sorensen scale) were recorded, using a calibrated multi

parameter probe (fS/ 600 XLM-M) coupled to a data logger viewer (fS/ 650 MDS) and

a pH probe (pH 1g7 WTW). Current velocity (rnr-') was measured using a Valeport

current meter (Model 105) and mean depth was obtained by taking measurements

(precision of 0.01 m) several times at each sampling site (minimum of 3 measurements).

Dominant type of substrate in each site was characteized considering 5 different

classes: silt; sand; gravel; pebbles; blocks. The biophysic features of each site were

characteized by direct observation, namely the following parameters: shade (provided

by the riparian habitat) and aquatic cover (provided by aquatic vegetation, debris and

rocks) proportions (5 classes : 0-200Á; 20-40%; 40-60%; 60-80%; 80- l 00%)'

Data analysis

All abiotic and biotic variables were log-transformed before being statistically

analysed to reduce normality deviations. Before the application of any parametric

analysis, normality and homogeneity of variances were tested for each variable, using

Shapiro-Wilk Z-statistic and the Levene test, respectively.
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Sampled sites on both streams were grouped by their abiotic and biophysic

characteristics using a hierarchical classification with a linkage between groups' meúod

and the Euclidean distance as measure, as recoÍlmended for abiotic data (Sokal &

Rohlf, 1981). An arbitrary cut-off level was used, such that separate groups could be

chosen. This analysis was complemented with a stepwise discriminant function analysis

(DFA; Wilks's l. method, F entry: 3.840, F removal: 2.710) to identiff the variables

significantly responsible for the group discrimination. These analyses were performed

and resulting plots displayed using SPSS 12.0.

After the application of a multiple pass removal method in the sampling

procedure, fish species' abundance in the sampled sites was estimated with Leslie's

census method (Cowx, 1983) by plotting capture per :umrit of ef[ort (CPUE, expressed in

number of fishes caught per mimúe) against cumulative removal and estimating the

total number of fishes that would be removed when the CPUE tends to zero. [n úe

resulting graphic, designated by Leslie's representation (Appendix II), the estimative of

the initial population's dimension (N-) corresponds to the point in the abciss when

CPUE:0 and it can be calculated by dividing the regression line's intercept by its slope

(capturability coeffrcient) §-: - (a/b)1. All the assumptions for using this method were

satisfied in the study design. With úe estimated abundance values, and knowing the

area of the sampled sites (mean width of the reach x sampled length), each species'

density was calculated and expressed in number of fishes caught per !00 m2. The

lamprey's ammocoetes (genera Lampetra) and the mosquitofish (Gambusia holbrooki

Girard, 1859) captured in both streams were removed from the subsequent analysis due

to their ecological features and response to the sampling methodology. The first ones

have very specific habitat requirements, forming large accumulation areas commonly

known as aÍnmocoetes beds (Almeida & Quintella,2002), which can cause disturbance

in the field sampling and bias in the data analysis. As for the mosquitofish, its small size

8



and shoaling behaviour allows these specimens to escape in high number from the net

blocking, reducing its capture efficiency.

The association between fish community composition (mean N- values of each

species) and site types within each sfteam was tested by using a G-test of independence

(Sokal & Rohlf, 1981).

A Canonical Correspondence Analysis (CCA Ter Braak, 1987) was used to

characterise and compare the relation between the spatial variability of the captured fish

species (expressed in density) and the environmental parameters in both studied rivers,

(CANOCO 4.5). The result of this analysis is an ordination diagram, where symbols

represent fish species and sites sampled, and vectors correspond to úe environment

variables. The vectors indicate the direction of maximum variation of the correspondent

environmental variable. Environmental variables, whose projection in a particular axis

is extended, are strongly correlated with the referred ordination axis (Ter Braak, 1987).

The statistical significance of the relation between the fish species density and the set of

environmental variables was assessed through a Monte Carlo global permutation test

(999 permutations) (Ter Braak, 1987). Poorly represented species (occurring only in

three or less samples and total density below 5 fishes per 100 m'; were removed from

this analysis.

For each sampling site, total fish species-richness (i.e. TR, the number of fish

species in each sample), introduced species-richness (IR), native species-richness (NrR),

species diversity (É/, Shannon-Wiener Index) and density of introduced individuals (DI)

were determined. The captured species were classified according to its habitat

requirements (rheophilic, DRheo; eurytopic, DEury; limnophilic, Dlimno) and its

fophic ecology (invertivorous, Dlnve; piscivorous; omnivorous, DOmn) (Michel and

Oberdorff, 1995; Welcornme et a1.,2006; Kottelat & Freyhof, 2007), and the density of

these guilds in each sample was determined. Because the piscivorous species were

9



poorly represented in our samples (only large-mouth bass, Micropterus salmoides

Lacepêde, 1802) its density was very low and this guild was excluded from the

statistical analysis.

Several studies describe the distance from the source as a key factor on

determining the fish assemblages' structure in lotic environments, being specially

related with the species-richness (i.e. Angermeier & Schlosser, 1989; Gillette et al.,

2005; Poulet, 2OO7). Thus, for both studied steams, the relationship of the composition

and structural metrics (TR, NR, IR, DI and II) and guilds density with distance from the

source was investigated using Pearson or Spearman correlations, whether the data were

parametic or not (SPSS l2.O). If this was significant (P<0.05), an analysis of

covariance (ANCOVA) was performed in order to test the differences in metrics and

guilds structure between the two streams and between the groups of sites within each

stream. This method, performed with the program BIOMstat for Windows (Version

3.0), allows to adjust the values of the related metrics and guilds (dependent variables)

so that one can estimate the mean and variance that would have been obtained if the

distance from the source (covariate) had not varied within a sample (Sokal & Rohlf,

1981). If the correlation was not significant, a one-factor analysis of variance

(ANOVA), followed by a post-hoc Gabriel test for multiple comparisons, or in case of

non parametric data a Kruskall-Wallis test with a Simultaneous Test Procedure (STP)

(Siegel & Castellan, 1988) for multiple comparisons, were conducted with the same

objective. These ar'talyses were performed using SPSS 12.0.
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RESULTS

Abiotic characterizatron

During the sampling period, physicochemical parameters, such as water

temperature, dissolved oxygen, conductivity and pH, showed little variation between the

two studied rivers and among sampling sites within each river (Table 1). On the other

hand, environmental features directly related with stream morphology and

hydrodynamics, such as current velocity and mean depth, and with biophysic

characteristics, like shade and aquatic cover, exhibited some variation between the two

watercourses and sampling sites within (Table 1). Substrate was reasonably

homogeneous throughout the two studied reaches, being mainly composed of sand.

Table 1. Abiotic and biophysic characteristics of the studied area on both streams

River Erra - "Reference Stream" River Muge - "Obstacles stream"

Mean S.D. Minimum Maximum Mean s.D. Minimum Maximum

Water temperature (oC)

Dissolved oxygen (-gL-')

Conductivity (pS/cm)

pH (Sorensen scale)

Current velocity (.t-')
Mean depth (m)

Shade (%)

Aquatic cover (%)

t6.3

9.63

0.330

7.1

0.42

0.42

61.4

50.7

1.3

0.62

0.012

0.3

0.06

0.10

15.6

6.2

t4.3

8.47

0.3 18

6.6

0.32

0.30

40.0

40.0

t8.2

t0.67

0.366

7.7

0.52

0.68

90.0

60.0

17.3

9.54

0.358

6.9

0.48

0.54

72.1

57.1

1,4

0.49

0.023

0.2

0.16

0.23

5.4

5.8

15.6

8.18

0.323

6.4

0.27

0.30

60.0

50.0

20.2

10.01

0.398

7.4

0.74

1.00

80.0

70.0

S.D. - Standard Deviation.

Hierarchical clustering of the 14 sites of the reference stream identified two

groups of sites (Figure 2). Group 1 included eight sampled sites (R1-R8), located in a

downstream area of the river, and Group 2 included the upstream remaining six sites

(R9-Rl4). The discriminant function analysis (DFA) conducted for this stream

identified current velocity (within-group correlation with the DFA function : -0.53) as

ll



the environmental gradient significantly separating the two groups (Wilks À : O.t l, F:

44.820,P <0.001). Cross-validation (leave-one-out method) procedure revealed that the

DFA correctly predicted the status of 100% of the cases.

The hierarchical classification of the sampled sites within the obstacles stream

identified three groups (downstream from obstacles - DO, upstream from obstacles -

UO and between the obstacles - B), clearly separated according to their position

relatively to the obstacles (Figure 2). DFA conducted for the three site types of this

stream revealed a gradient of current velocity (within-group correlation with the first

DFA function : 0.99) that separates DO and B sites, with faster current, from the UO

sites with slower current (Figure 3). The second discriminant axis of DFA separated UO

sites with higher mean depth (within-group correlation with the second DFA function:

0.91) from DO and B sites with lower depth. The DFA procedure was highly significant

(Wilks )'": 0.21, F : 29.733, P <0.001) and correctly predicted the status of 100% of

the cases.
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River Muge - "Obstacles stream".

When considering all the sampled sites of both streams, the hierarchical

clustering identified two major groups, assembling DO and B sites of the obstacles

stream with Group 2 of the reference stream and UO sites with Group 1 (Figure 4).

DFA conducted for all the sampled sites identified current velocity (within-group

correlation with the DFA function : 0.81) as the main environmental gradient

significantly separating the two groups (Wilks l, : 0. I 8, F : 77 .l8l , P <0.001). Cross-

validation procedure revealed that this DFA correctly predicted the status of 100% of

the cases.
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Fish-species composition and environmental relationships

A total of 11 fish-species were sampled (Table 2). Their majority were captured

on both streams, except large-mouth bass and roach (Iberocypris alburnoides

Steindachner, 1866) that were only present in the obstacles stream. Among the 11

species, four were classif,red as introduced Q6.a%). ln terms of ecology, 27 .3yo of the

species sampled were rheophilic, the same proportion eurytopic and 455% limnophilic

(most of them introduced). Concerning their feeding habits, most of the species were

omnivorous (45.5%o), 36.4% were invertivorous and only one was classified as
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piscivorous. Due to the reasons described in the methodology section, mosquitofish and

the specimens of the genera Lampetra were not considered in the following analyses.

Table 2. Status, ecological and trophic guilds of the fish-species sampled

S cientiÍic name (acr o ny m) Common name Status Ecological guild Thophic guitd

Anguilla anguilla (L.) (Aang)

Cobitis paludica (de Buen) (Cpat)

Gambusia holbrooki (Girard) (Ghol) *

Gobio lozanoi (L.) (Gloz)

Iberocypris alburnoides (Steindachn er) (Ial b)

Lampetra spp. (Lamp) *

Lepomis gibbosus (L.) (Lgib)

Luciobarbus bocagei (Steidachner\ (Lboc)

Micropterus s almoides (Lacepêde) (Ms al)

P s eudo chondro s toma po ly lep is (Steidacnhe r) (P po l)

Squalius pyrenaicus (Gunther) ((Spyr)

Eeel N

Loach N

Mosquitofish I

Gudgeon I

Roach N

Lampreys N

Pumpkinseed I
Barbel N

Large-mouth bass I
Nase N

Chub N

Eurytopic

Limnophilic

Limnophilic

Limnophilic

Eurytopic

Reophilic

Limnophilic

Reophilic

Limnophilic

Reophilic

Eurytopic

Omnivorous

Omnivorous

Omnivorous

Omnivorous

Invertivorous

Filter-feeding

Invertivorous

Omnivorous

Piscivorous

Invertivorous

Invertirvorous

N - Native, I - Introduced.
* These species were removed from the analyses due to the reasons described on the methodology section.

Overall, the studied rivers presented statistically similar fish assemblages,

dominated by cyprinid species, with gudgeon, barbel and chub exhibiting the highest

values of mean density (Figure 5). The rarest species in these watercourses were roach,

eel and large-mouth bass. Regardless of the abiotic distinction observed between the

two groups of sites within the reference stream, their fish-species composition was

statistically similar and independent from the sample group (P >0.05), so the reference

sffeam was always compared as a whole. Despite of the independence test results (Table

3), the separated analysis of the three site types of the obstacles stream was maintained

because this was the treatment stream. In the sites sampled immediately downstream

from the obstacles (DO), the highest values of mean density were exhibited by barbel

(dominating species), gudgeon and chub. The fish-species proportions in this type of

sites did not differed significantly from the ones in the reference stream (Table 3). In the
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same way, sampling sites located between the studied obstacles (B) were characterized

by a high density of the same three most abundant species, but without the clear

dominance of none of them. The G-tests revealed non significant differences between

the fish composition of B sites and the ones from DO sites and reference stream.

Gudgeon, an introduced species, exhibited the highest mean density value in the sites

located immediately upstream from the obstacles (UO), clearly being the predominant

species in this type of sites. Species that were abundant in other locations, barbel and

chub, presented low values of density, both being surpassed by another introduced

species, i.e., pumpkinseed. Contrarily to what was being observed among the other site

types and whole streams, the fish species composition of UO sites was significantly

different from the DO and B sites in River Muge and from the reference stream. The

significance of this differences was higher between the sites within the same river (P

<0.001) than the one observed against the whole reference stream (P <0.05).
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Table 3. Results of G - tests of independence on the fish-species composition (mean estimated N- values) of
both studied stream and grouP s of sites within

River Erra
ttReference

stream"

River Erra
"Reference

stream"

River
Muge

"Obstacles
stream"

Group I
"Reference

stream"

Group 2

"Reference
stream"

DO sites

"Obstacles
stream"

B sites

"Obstacles
stream"

UO sites

"Obstacles
stream"

River
Muge

"Obstacles
stream"

G: lt.6
n.s.

G: 12.8

n.s

G:11.15
n.s.

G: 15.5

P <0.05

Group I
"Reference
streamtt

G:11.22
n.s

Group 2

"Reference
stream"

*

tt

t

,r t

t

t

t

DO sites

"Obstacles
stream"

G: 12.15

n.s.

G:86.57
P <0.001

B sites

"Obstacles
streamtt

G = 40.77

P <0.001

UO sites

"Obstacles
stream"

,(

tt*

* G.oup, of sites were not tested against the rivers they are within it'

f Fi.h-.p""ies composition of Group 1 and Group 2 (Reference stream) was statistically independent of
the sample (P >0.05), so the River Erra was compared in its whole.

The Canonical Correspondence Analyses (CCA) showed that the fish-species

assemblages of the studied rivers were differently structured, regarding their

relationships with the environmental features (Figure 6). In the reference stream CCA,

of the nine abiotic and biophysic variables initially considered (variables from Table 1

plus Distance from the source) only six were retained for the analysis by the forward

selection procedure (Table 4). The first two axis of this CCA ordination explained

39.9% of the fish assemblage spatial variability and78.5Yo of the relation between fish-

species density and the selected environmental variables. The high correlation

18



coefficients between species and environmental variables, obtained for the first two axes

(0.82 and 0.73 respectively), suggest that environmental variables explain the variability

associated with fish-species density. The high correlation of aquatic cover and shade

with the first canonical axis, and current velocity and mean depth with the second

canonical axis, identified the main environmental gradients for each axis in the

reference stream (Table 4). The global permutation test (F-ratio : 3.00) showed that the

first canonical axis was statistical signific ant (P <0.05). The test based on the sum of all

canonical eigenvalues led to an F'-ratio of 2.88, demonstrating that the relation between

fish-species density and environmental variables was also significant (P <0.05). This

CCA ordination separated the sampled sites in two main groups, in a similar way to the

respective hierarchical clustering. Sites located in the downstream area of the study

reach (R1-R8) were characterized by higher mean depth, shade and aquatic cover, and

were mostly differentiated by an elevated density of pumpkinseed. On the other side of

the horizontal axis (Axis II), the sites located upstream in the sampling reach (R9-R10)

were mainly represented by native species like nase and chub, and were associated to a

faster current velocity. The most abundant species, barbel and gudgeon, were not clearly

associated to any of the resulting groups, being common throughout the sampled reach.

In the obstacles stream CCA, the same six environmental variables were retained

by the selection procedure (Table 4). The first two axis explained 48.7o/o of the fish

assemblage spatial variability and 78.lo/o of the relation between fish-species density

and the selected environmental variables. The first two axes obtained high correlation

values of 0.97 and 0.69, respectively. Mean depth, current velocity and shade exhibited

high correlations with the vertical axis (Axis I), representing the main environmental

gradients structuring the fish assemblages in the obstacles stream. All canonical axes

were statistical significant (F-ratio:2.42, P <0.05). The vertical axis clearly separates

the sampling sites of this stream in two opposite groups, according to its location

l9



relatively to the obstacles. The UO sites were grouped and characteized by a higher

mean depth and slower current velocity. The fish-species associated to this type of sites

were the pumpkinseed, gudgeon and loach. The DO and B sites were represented

together, exhibiting faster current velocities, shallower habitats and a higher percentage

of shade, where species like barbel, chub and nase were more abundant.
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Figure 6. Canonical correspondence analysis (CCA) biplot for fish-species and environmental

variables (with indication of samples) assessed for both studied rivers. Environmental

variables are represented by aÍrows that point towards the direction of maximum

variation.

Table 4. Results of the ordination by CCA of fish-species density data: eigenvalues, species-

environment correlation coefficients, and intraset correlation of environmental variables

with the first two canonical axes

River Erra - "Reference Stream" River Muge - "Obstacles Stream"

Axis I

l, = 0.10

Axis II

À: o.os

Axis I

l, = 0.06

Axis II

À :0.02

Species-environment

Aquatic cover

Current velocity

Dissolved oxygen

Distance from source

Mean depth

Shade

0.82

-0.58

-0.10

-0.10

0.16

0.15

-0.53

0.73

-0.26

0.62

-0.21

-0.40

-0.54

-0.35

0.97

0.15

-0.60

-0.33

0.40

0.88

-0.62

0.68

-0.37

-0.31

0.33

-0.43

0.2t

0.05
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Community structure

On the studied streams, of all the metrics and guilds analysed, only TR

("Reference stream": Pearson r : 0.32, P<0.05; "Obstacles stream": Pearson r : 0.41,

P<0.05) and NrR ("Reference stream": Pearson r :0.54, P<0.05; "Obstacles stream":

Pearson r :0.44, P<0.05) were significantly related with distance from the source, so

an ANCOVA was applied to these variables.

From the studied metrics and guilds, only NÀ and IR were significantly different

between the two streams in its whole (Table 5), with the obstacles stream exhibiting a

higher number of introduced species and, consequently, a lower native richness than the

reference stream (Figure 7). None of the variables tested presented significant

differences between the two groups of sites within the reference stream, so this river

was always compared as a whole.

Within the obstacles stream, H, DI and all the ecological and trophic guilds

presented significant differences between the three site types (Table 5). DRheo and

DEury were similar between DO and B sites but higher than in UO sites. DI, DOmni

and Dlimno exhibited an inverse pattern, exhibiting higher values at UO sites (Figure

7). Species-diversity (II) was significantly higher in B sites than in UO and DO, a

pattern similar to the one observed for Dlnve. In the obstacles stream, none of the

richness metrics was significantly different among site types.

When testing the three site types of the obstacles stream against the whole

reference reach, the richness metrics did not exhibited signif,rcant differences, with the

exception of 1À that was constantly higher in all site types of the impounded stream

(Figure 7).In the reference stream, É1was similar to the values observed in B sites and

higher than in UO and DO. DI, DLimno and DOmni were significantly higher in UO

sites with the reference stream exhibiting lower values, similar to the ones observed in

DO and B sites. DRheo was significantly lower in UO and reference sites, when
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compared to DO and B (Table 5). DEury and Dlnve were not significantly different

between the three site types of the obstacles stream and the whole reference stream.
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Trbl€ 5. Results fiom úe statistical aÍâlyses applied to test the difrerences itr composition and stnrctual metrics aod guilds density betweetr the two streams âtd groups
of sites wiúin

Tests PerformeO § t

Metrics/

Guilds

Reference stream
vs Obstacles

stream

Group 1 us

Group 2
(Reference

stream)

DO vs UO sites
(Obstacles

stream)

DO ys B sites
(Obstacles

stream)

UO vs B sites
(Obstacles

stream)

Reference
stream vs DO

sites

Reference
stream vs UO

sites

Reference
stream ys B sites

TR

NR

ANCOVA
Intercepts

F:0.93, P:0.35
Slopes

F:0.01, P:0.91

ANCOVA
Intercepts

F=18.31*, P<0.05

Slopes

F:|.02, P:0.32

ANCOVA
Intercepts

F:0.26, P=0.62

Slopes

F:|.23, P:0.29

ANCOVA
Intercepts

F:0.05, P:0.82
Slopes

F:0.54, P:0.48

ANCOVA
Intercepts

F:0.24, P:0.64
Slopes

F:0.1 l, P:0.75

ANCOVA
Intercepts

F:0.20, P=0.68

Slopes

F:|.20, P:0.32

ANCOVA
Intercepts

F=\.19, P:0.32
Slopes

F:0.18, P:0.69

ANCOVA
Intercepts

F:0.57, P=0.48

Slopes

F:|.69, P:0.25

ANCOVA
Intercepts

F=0.88, P=0.39

Slopes

F:0.05, P:0.84

ANCOVA
Intercepts

F:0.73, P:0.43
Slopes

F:0.69, P:0.45

ANCOVA
Intercepts

F:0.76, P:0.36
Slopes

F:0.48, P:0.59

ANCOVA
Intercepts

F:5.35, P<0.05

Slopes

F:0.00, P:0.96

ANCOVA
Intercepts

F:1.01, P=0.38

Slopes

F:0.26, P:0.62

ANCOVA
Intercepts

F:10.75, P<0.05

Slopes

F:l.65, P:0.22

ANCOVA
Intercepts

F:0.99, P:0.35
Slopes

F:0.21, P:0.62

ANCOVA
Intercepts

F:11.45, P<0.05

Slopes

F:2.54, P:0.13

IR

H

ANOVA Kruskall-Wallis

F:38.37*,P<o.ol t':O.Ot, P:0.52

Kruskall-Wallis

t':z.ot, P:0.14

Kruskall-Wallis

t':zse, P:0.34

ANOVA
F:4.64, P:0.06

ANOVA
F:0.45, P:0.51

Kruskall-Wallis

f=|.97, P:0.72

Kruskall-Wallis

t':s.tz*,P<0.05
B>DO:UO

ANOVA

F:10.63*, P<0.01

UO>DO:B

Kruskall-Wallis

t':zr.sz*,P<o.oo1
DO:UO:B >Reference stream

Kruskall-Wallis

t':tt.ls*,P<o.ol
B:Reference stream>Do:Uo

ANOVA

F:6.09*,P<0.01
UO>DO:B:Reference stream

DI

§ Groups ofsites were not tested against the rivers they are within it.

t Menics aod guilds were always statistically similar (P >0.05) betweeo Group 1 and Group 2 (Refêrence stream), so the River Elra was compaÍ€d as a v/hole.
* Significant; ** Highly significânt.
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Table 5 (coÍt,). Results ftom the statistical analyses applied to test the differences in composition metrics ând guilds density between the two stÍ€ams aÍld groups of sites
withitr

Tests PerformeO § t

Metrics/
Guilds

Reference
stream ys

Obstacles
stream

Group I vs

Group 2
(Reference

stream)

DO vs UO sites
(Obstacles

stream)

DO vs B sites
(Obstacles

stream)

UO vs B sites
(Obstacles

stream)

Reference
stream vs DO

sites

Reference
stream vs UO

sites

Reference
stream ys B sites

DRheo

DLimno

DEury

DOmni

DInve

Kruskall-Wallis

t'--2.+a,P=0.18

Kruskall-Wallis

t':+.oa,P:o.13

Kruskall-Wallis

t':z.zz, P:0.19

ANOVA
F:0.96, F0.39

ANOVA

F:2.27, P=0.12

ANOVA
F:0.09, P:0.76

ANOVA
F:0.16, P:0.70

ANOVA
F:1.27, P:0.28

ANOVA

F:l6.l6x,P<0.01
DO:B>UO

ANOVA

F:L1.23*,P<0.01

UO>DO:B

ANOVA

F:6.24*,P<0.05
DO:B>UO

ANOVA

F:3.24*,P<0.05

UO>B>DO

Kruskall-Wallis

TJ=4.49*,P<0.05
B>DO:UO

Kruskall-Wallis Kruskall-Wallis

t':t.ae, P:0.40 t':t.zt, p:0.2s

ANOVA

F:6.89*,P<0.01

DO:B>UO:Reference stream

ANOVA

I':5.05*, P<0.01

UO>DO:B:Reference stream

ANOVA
F:2.19, P:0.10

ANOVA

F:8.32** ,P<0.001

UO>B=Reference stream>DO

ANOVA

F=2.13, ,F0.l I

§ Groups of sites were not tested against tlrc dvel§ they are within it.

t Metrics ând guilds were alwâys stâtistically similiar (P >0.05) betweeo Group I atrd croüp 2 (Reference stresm), so the Rivo Erra was compared as a whole.
* SigÃificant; ** Highly significant.
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DISCUSSION

A strong correlation exists between habitat variables and fish assemblages,

which imply that fragmentation and modification of riverine habitat can have profound

effects on biotic integrity (Dynesius & Nilsson, 1994;McLaughlin et a|.,2006; Harford

& Mcl-aughlin, 2007). The protection and conservation, as well as restoration and

management of running water environments, requires an exact knowledge of the

ecological demands of the most important species in order to genuinely understand the

influence of the habitat alterations at a local scale (Jungwirthet a1.,2000). This study

demonstrates the influence of the presence of small physical obstacles on habitat

arrangement and, consequently, fish assemblages' structure.

As a stream portion is deepened, water velocity is decreased and its ability to

carry sediment in the water column is reduced, generally resulting in increased

sedimentation of the substrate (Kondolf, 1997). On the same way, when a stream reach

is narrower, the water velocity tends to increase. In this study, the river stretch

considered as reference was separated in two groups of sampling sites discriminated by

their current velocity. Sites located in an upstream area had faster current velocities than

the downstream sites. This gradient, probably related with natural features like water

depth, width, local geology and slope, is corroborated by the river continuum theory

(Vannote et a\.,1980) and is similar to the results described by other authors for typical

undammed lotic ecosystem (Gorman & Karr, 1978; Angermeier & Schlosser, 1989). tn

the obstacles stream, the three types of sampling sites previously defined were

statistically different, being discriminated by current velocity and mean depth. The DO

sites were characteized by low depth and high current velocity, contrarily to the UO

sites which were deeper and had a slower current. Sites located between the obstacles,

away from its direct influence, exhibited higher habitat diversity, similar to the one

generally observed throughout the reference stream. The obstacles caused a
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homogenization of the aquatic habitat in the adjacent areas, with DO dominated by

riffles and UO changed into a lentic environment, which is an effect commonly

associated with the presence of these structures (Snodgrass & Meffe, 1998; Hagglund &

Sjoberg, 1999; Cumming, 2004; Gillette et al., 2005). These authors also describe

changes in the substrate composition due to the presence of the obstacles, with an

increase in the siltation at the lentic upstream reaches. In this study, substrate was not

considered for analysis because it was very similar throughout the sampled reaches.

physicochemistry variables exhibited little variation along the two studied reaches and

were not predictive of any of the groups formed by the clustering analysis. Unlike large

dams (Wildhaber et al., 2000), the studied obstacles did not seem to affect

physicochmestry. Based on their current velocity, similarities were observed befween

DO and B sites and the upstream portion of the reference stream, and between UO sites

and the downstream area of the natural reach. Considering these results, it could be

assumed that the natural current velocity gradient observed in the reference stream is

being repeated near each obstacle on the fragmented river. Nonetheless, these

environmental changes seem to happen in a smoothly way in the reference stream

where, contrarily to the obstacles stream, they were not strong enough to cause

significant differences in the fish community composition.

The two streams, in its whole, presented a similar f,rsh-species composition,

implying that all the differences observed on the assemblages' structure were probably

related with the presence of the obstacles instead of natural dissimilarities on the f,rsh

community, which was an assumption of this study. Between its nvo groups of sites, the

reference stream did not exhibit significant differences on the fish-species composition.

Regardless of the evident current velocity gradient, the most abundant species, like

barbel and gudgeon, were common and equally proportioned throughout the sampling

reach, not showing a clear association with any of the site groups. Other species such as
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chub and nase were more abundant at the higher velocity sites and species like eel and

pumpkinseed were mostly captured at the downstream, well vegetated and shaded sites.

However, these results, being probably related with specific ecological requirements of

the describedtaxa,were not sufficient to clearly identify a zonation pattern along the

reference stream. For natural Iberian streams, Vila-Gispert et al. (2002) described a

variation on the fish assemblages' structure along an upstream-downstream gradient

based on environmental features like current velocity and water depth. In our study, the

fish community of the reference stream did not follow these results, probably due to the

reduced length of the studied reach. In the obstacles stream, due to the accentuated

variation of the environmental features caused by the presence of these structures,

significant differences were found between the fish species composition of DO/B sites,

dominated by barbel, nase and chub, and UO sites where gudgeon, loach and

pumpkinseed were the most abundant species. Some authors describe the higher

swimming capacity and aerobic resistance to current velocity of potamodromous

riverine species like barbel and nase (Lucas & Batley, 1996; Ltrcas & Frear, 1997,

Mateus et a1.,2008) while Tudorache et al., (2008) classifies gudgeon as a "weak"

swimmer, incapable of resist to faster currents, thus explaining these species distribution

throughout the obstacles stream.

When comparing the two studied streams in its whole, in spite of the statistically

similar total richness, the obstacles stream exhibited a higher number of introduced

species, and consequently, a lower native richness. Although the difference is solely

based in one species with low abundance (largemouth-bass), this result is similar to the

one described by some authors for dammed rivers (Corbacho & Sanchez,200l; Jager et

al., 2001; Tiemann et al., 2OO4). None of the richness metrics showed significant

differences between the groups of sites within each stream, despite the existence of

studies describing a variation of the total richness in different habitat types of natural
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rivers (Angermeier & Schlosser, 1989) and a higher value for this metric in the sites

located downstream from obstacles (Porto et a1.,1999; Cumming, 2004; Poulet,2007)'

However, Tiemann et al., (2004) had a similar result, not finding differences on the total

species richness between different site types in a dammed river. Within the obstacles

stream, the presence of such structures was not influencing the number of exotic species

between the three site types, but their density, which was higher in UO sites than in DO,

B and the whole reference stream. These structures modified the physical habitat,

increasing depth so that water velocity was reduced, creating a lentic habitat that usually

favours this type of species (Hagglund & Sjoberg, 1999; Gillette et a1.,2005; Poulet,

2007).

In the obstacles stream, the sites located away from these structures exhibited

higher species diversity, similar to the values of the reference stream, which is probably

related with the higher habitat diversity of this reaches (Gorman & Katr, 1978;

Angermeier & Schlosser, 1989). Habitat heterogeneity is important to the conservation

of aquatic biodiversity in rivers because abundance and distribution of stream fishes are

strongly affected by individual or combinations of microhabitat variables (Santucci er

a1.,2005). Free-flowing areas in both streams were made up of a variety of physical

features that provided a wide array of water depths and current velocities. [n contrast,

impoundment areas were more homogeneous, restricting the occulrence of many Íish

species with distinct habitat requirements.

The fish species requirements in terms of current velocity and their resistance to

extreme situations determined the reophilly pattern throughout the studied rivers. In

Iberian streams, the introduced species are generally limnophilic whereas most of the

native species are rheophilic. Naturally, the density of limnophilic species was higher in

the lentic habitat created upstream from the obstacles than in free-flowing and

downstream sites of the obstacles river, in which rheophilic species were more
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abundant. This result is commonly described by several other authors (Tiemann et al.,

2004; Gillette et a1.,2005; Poulet, 2OO7) as being related with the drastic gradient of

current velocity and mean depth caused by the presence of the obstacles. According to

Gillette et al. (2005) fish species with ecological characteristics between this two,

namely the eurytopic species, should be more abundant in free-flowing sites, away from

the obstacles. Our study followed in part this results since these species were more

abundant, not only in B sites and in the reference stream, but also downstream from

obstacles. The upstream habitat modiÍications in the obstacles stream probably changed

the macroinvertebrate fauna from a lotic to a lentic species community and increased

the detritus accumulation, as reported by Stanley et al. (2002), which tend to benefit

omnivorous species (i.e. gudgeon, barbel, loach) that usually feed on substratum-

dwelling invertebrates and other organic material, rather than invertivorous species (i.e.

chub, nase). Our results are similar to the ones described by Poulet et al. (2007), who

also find significant differences on the abundance of invertivorous and omnivorous

species in a fragmented river.

The habitat preferences of the ecological and trophic guilds described for

undammed rivers usually follow the same pattern that was found in the obstacles stream

considered in this study (Gorman & Karr, 1978; Didier & Kestemont, 1996), but this

happens at a microhabitat scale and not in a successive way, like near each structure in

the impounded stream. In the reference stream, despite the longitudinal changes in the

current velocity, none of the guilds exhibited significant differences between the two

groups of sites. The same result was found for the other metrics and for the species

composition, corroborating the hypothesis that the habitat modifications induced by the

presence of the obstacles, despite of focusing in the abiotic features that also vary in

natural rivers, such as current velocity and mean depth, are much more severe and

highly influential of the fish assemblages' structure.
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Despite the differences in some environmental features, the sites sampled

immediately downstream from the obstacles were very similar to the sites located

between the studied structures, not only in terms of fish species composition, but also

considering their assemblages' functional structure. Besides that, these site types were

also similar, in some community features, to the reference stream, contrarily to the sites

upstream from the impoundment. Based in these results, it can be assumed that, as it is

described by other authors (Hagglund & Sjoberg, 1999; Tiemman et a1.,2004: Gillette

et a1.,2005; Poulet, 2007), the upstream habitat and, consequently, its fish community

structure are more affected by the presence of the obstacles.

CONCLUSIONS

This study suggests that small physical obstacles cause changes in habitat

immediately upstream and downstream, producing effects on fish assemblages that are

similar to, but with less extent than, the ones from large dams. Contrarily to the

smoothly longitudinal changes in the free-flowing stream habitat, the obstacles in this

study were associated with drastic differences in water depth and current velocity that

appear to affect fish assemblages' composition and structure. The study contributes

insights into the effects of small obstacles on riverine habitat and fish community

structure of two Iberian streams with different levels of impact from the presence of

these structures. Additional studies in other basins, with different faunas and

environmental conditions and different types of obstacles, should be conducted to gain a

better understanding of how the biology and hydrology of these ecosystems are affected

by these human constructions. Also, another study, this time considering the length

distribution and age structure of the affected fish assemblages, should be conducted in

order to assess the effect of these obstacles in f,rsh populations' fragmentation.
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Knowledge of the effects of these barriers can be used in the conservation and

protection of riverine biotic integrity
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Appendixes



Code: ol

Coordinates: 08" 29' 25"w

39' 10',02"N

Description: Bridge built for vehicle or people

passage with elevated bottom. Each column has a

vertical rail in both sides used to low the wood

slabs that will prevent the water passage. These

plates are lowered in an alternating way, always

leaving at least one of the passages open. The

lentic upstream area is often used for water

abduction with agriculture purposes. 1:10.000
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Code: oz

Coordinates: 08" 28' 89"W

39'10'25"N

Description: Small weir used for upstream

water retention with agricultural purposes' The

bridge above was built only to allow the access to

the structure. The columns have vertical rails to

insert the slabs that rvill stop the water passage.
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Code: 03

Coordinates: 08" 28' 14"W

39' 10'42"N

Description: Low-head dam below the Alfredo

Bento Calado bridge. The bridge has a mechanical

structure that allows to low the steel slabs in order

to stop the water passage. At the moment of the

field survey, the flood-gates were down resulting

in an accumulation of organic material w'ith large

dimension (i.e. trees). During the sampling, some

barbels were captured while trying to negotiate this

strucfure
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Code: 04

Coordinates: 08' 25' I7"w

39'10'41"N

Description: Small weir with similar

characteristics and purposes of Ol and 02. The

exception in this structure seems to be the more

rudimentary system of water retention, without the

use of slabs or other mechanism. The bridge is for

passage ofpeople and vehicles.
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Code: 05

Coordinates: 08' 20' 46"w

39'll'25"N

Description: Bridge for vehicles passage with

elevated bottom. Like 04, this obstacle doesn't

have any water retention mechanism. Its

exploitation for agricultural use is solely based on

the effect ofthe base.

1:10.000
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Appendix II Leslie,s representations for estimative of the

population's N-

RrvER ERRa (Rersneruce srneau)- R1

Lu ciúat bt ts bool gd Q-bo c)

í

010

0,35

0,30

0,25

0.20

0,15

0í0
0,os

0,m

y. -0 0279x + 0.5311

R:.o,so

! 10 15 20

Â(!iudGd ctÍnülrivê ..íÀll G

Gúio lartut lGtdl

5

I

a4u.rcd crrndriv. c.arú.

squakrs oyt êtur.t,s (SPY/.l

ç

0,t€

0.35

0,30

425

o,n
0,15

0,1!

0,05

0m
i 5 10 15

AdF.r.d .unritiú. c.Éu.

2!

y. -0,0215t + 0,'í2193

Rr -0,S&r

Cobitis pk,tlica (C/ÀaI)

0 2

c J !

0p8

0p4

op

0p0
0 1 23il 5

AdiudGd cr,rxiáivc e.Ptr G

Y. .O,0ã7x + 0.135
R: - 0.874

Ps4ndocàoÍírosto[r.t Poly leÍis (PPo|

0,m

0.07

0,6
0,05

0p3

0,02

0,01

0

0 0,5 1 1,5 2 2,5

Àiríêd cttÍ .livc c+arÍ.
3

y. -0.032x + 0.im2
R: = 0.8453

Lopo tn is gibbosus (Lgibl

.a

0,35

o25

0.r5

0t0

005

0@
a 10

^dlurrtd 
onrdrirc .aprrr G

't2

AfigÍilla a aluiIla (Aang)

0,04

0.03

093

0,0?

0,02

0,o1

0,01

0,00

0 0Ê 1 1,5

^(ttíêd 
cllrxrdYG c{arrG

2

y= {.0137x+ 0 0331

R'-A2n2

tI I



RveR ERRa (Rereneruce srnema) - R2

Lt c iob âtbt t bo ceg e i (L bo.l

B
Ê

0,90

0,80

0,70

060

050

0.a0

030

0z)
010

0,m
o j 10 15

A4rí.d cuÍxrdir. c.íru.

N 25

y. -0P5ax. 1,2955

R'.0,9976

S q ual tut py r Qnaic uJ (S py 4

0,35

D,T

q25

0,m

0,15

0,10

0,ú

0,m

y =-0,023sx r 0,3692
* = 0.3887

0 2 4 6 I 10

Ailu.ad cu tLtuÊ c.Éu.

12

cobft, paludica (cÍtâ,

0 ttg

- 0Éi o.or
B

lo"
! q0.

Êqm
ã qoz
o o,ol

0,m

Y=-0,082ü.!1656

I 0,5 1 1,5

AôEr.d .mrltiu. ..Íit .
i5

Gobio lozÂttoi (Glozl

Ê

5

0.s0

0,m

0,70

0,60

0.50

0,40

0,30

0,20

0,10

0,m

y. "0.0558r +1,374'l

R:.0.s78

0 5 10 15 20

Âquí.d.tr r.atY..Tllr.

25 30

Lcpofiit gibbott t (Lgibl

!

0.60

0,50

0,10

y = -0,UlTx ,0,7501

F= 0,982

030

0 2C

rl 0

a 0tl

! 5 10

^dluí.<t 
cnx.ird'.. .+ru c

t5 20

II 2



Rven ERna (Rsrenexce srnenm) - R3

Lúcioharôrrs ào{ágêi íLôo.}

025

0,m

0,15

0.10

0,$

0,m
0 1

^dtsaqd 
curxtEir c.Carr.

5 6

y=-0,0853r * 01264

B êídoc ,ro.,dÍ6 aorrÉ FayLrts íA)o4

I

R

0í)

B,ã

0,m

015

0,10

0,Í15

0.m

l='003rr(.0,3695
* = 0.9256

l 168

^(til.rcd 
cuntliv...í!.

10 12

hb lozànci lclo4

é

E

Ê

070

0,m

0,50

0,r0

0.30

0.?0

0,10

0.m

y=-0,0351x.08€72
ê= 0.S712

rl 5 10 15

^dlu.t.d 
crrÍüldv. c.rrqê

20 2a

squa,.É pyt d)ãtclts (spyi

0.7!

0,50

q.a€

0:ú

0,10

0,@

y, 4,0rl&r: .0,E952

0 5 10 15

Adir.tcd .rrulriYc crg.rr G

ao

II 3



Rrven Ennl (Rerenence srneau)- R4

Lr,cbôo rhrs bÉâ!Éi (Lloc,

0Í
015
010
035
0,al
0,25
0,20

0,'15

0,10

0,05
0,!0

Y = -0 0615t I 0,€ 42a
ff = 0,3106

rl 5 10

^rluacd 
cúIlriE c.prq.

15

Squatus pyrar'áclis (SW4

0,s

025

0ro

y. {.0336x , 0,3sz/
R:- 0.7656

0.15

0,10

0,05

0,m
0 {66

^úrnod 
cllÍlllííG ..91u c

10 12

Att$tk angu h (Aangl

!

0,05

0,05

0,&
0,0{
0.03

ü,Í13

0,Ín
0.m
0.01

0.01

0.m

Y =0 0143

ü l,? 0,1 0.6 0,8

^qud.d.úxIálE 
..ÉrÍ.

1 12

Cúblo]á,ri (Glo4

?

0m

€m

!50

0&
OI
020

010

0,m
0 5 10 't5 20

l.a!ú.d.úxljv. c-i.r.
25

y=-0,omx.q8681
F:0,Sm

Lêpoínà 9ãô61,' íLgib)

0.35

i 0.,

i o.^
! ú?0

! 0.,:

i o.roÍ,) 0,G5

0.00

Y ='0.037À + 0,17tÉ

F = 0. SE28

0 168

^.lurt.d 
.urrirlÊ .íú.

10 12 1l

II 4



Rven EnRl (Rereneruce srnenm)- R5

Lrrci,E Íôrs ô6agei (rr,oc)

0.16

0,11

0,12

0,10

B,M

t],G

0,01

0,u2

0m
0 I 13

^dFn 
d .úÍaaiE .{aq.

r =-0,07$r + q3013

cúir loz,anoi (Glo

,
050
qr5
q10

0.35

0,25

0,20

0,15

0.10
0.05
0.00

ü 5 .l0

^{üe.d 
cúxlliY..{rlÍ.

,5 10

Y =-0,0287x + q5*6
F=0 8356

Lcpomb gil*ms us (Loib)

;

0,10

0,35

0,r
0,25

0.20

0.15

0.10

0, Í15

ú,m
0 ) 468

Aúr.t.d cüírid!.c c4arÍê

10 12

Y=-0,0527x*05715
* = 0.S775

Psê rÍbc lrorxírG rorila rúlbfs (Ppol

,l
0 Ír0
0,035

ú,030

0,025

0,020

0,0r5

0,010

0,m5

0,m0
! 0,2 0,4 0,6 0,8

^ÔllLd 
.Eni-rú. ..Pnr.

1 l1

y =-0,0751 + 0,0153

A/1g,d aarryida (Aang)

!

0.06

0,07

0,06

0,05

0,!4

0,03

0,02

0,01

0,00
d 05 1 1.5

lquíêd cúlxiaiuê ..?Àrê

Y'{,075â + 0,15,07

il5



Rrven ERne (RereneNce srneam) - RG

L uciobe t bt tt bocâ gai (L boc)

0,?5

0.20

0,15

0,10

0 .05

.m0

) 1 2315
ÁdF.ri.d cltÍrLlYê..?iu.

6 I

!.S,0599xr0,3642
R: = 0 99?7

Sqt,all i Wrcneicus (sttyt)

!

0,0s

0,(E

0,07

0.6
0,05

001
0.ÍE

0p2
0pl
0@

0 1 1,5

^dhrácd 
êlÍxiliYc .T.ú.

?,5

Y.0,m72
R:=0

Lepor,il gíbbtsus (Lgib)

5

0.05

004

0,04
0,03

0,03

0,02

0,02

0,01

0,01

0m

y= -0Ê855x +0 0855

0 o2 0,4 0ê 0.8

Ádlr,lrrcd curxrJr. c.pa!.
I 1,2

e obio lozaioi (Glo4

0.ao

0.35

0,30

0,25

0,20

0,15

0J0

0p5

0,@

y r"0.025êr ] qa6
R: - 0.s 22

0 5 10

A.ír!t.rt.rrflLirr ..!ür.

15

Ps ot,r'/o.hon.hostonâ polyLpis (PpÍ)

pÉ

p4

,04

.q3

,B
.02

,02

,0,

,ot

o,2 0í 0,6 0E

ldF.rêd cútrldv. c{llrc
l 1',

, -.0,0855x + 0.m55

futquille ãrgttilla (Aang)

0,0s

0,08

0,07

0,6
0,05

0,04

0,03

0,02

001

0,8
0 I 1,5

^(Ilrccd 
. lrrüLlvê ê.Ér .

2

Y. O.mSxa0,17(E

II 6



L ciúatnÉbocag., (Lbocl

3

0.14

o.12

0.10

0,08

0,6

0.01

0,02

0.@
.l 1 23

AdÍá.d crrndíiYc cÇrrr.

y. -0.06ô1t + 0 ?645

sqÉtàt p,€trâio,t (Spyt)

0,12

0,10

0p8

0,6

0,04

0.o2

0,m

Y'10.(141xrq1252
Rr- 0ê2G

0 1 23
Aquícd.lrrnlairc c.parrc

colio lo2dtot (Glo4

0,35

0,30

0:5

0:o

0í5

0í0

0,o5

0@
0 5 10 í5

aÕrrcd clr|riat c.Ér.

2A

y--0,018:a0.197
R:.0.3177

t.to,r,ir íilúor rE ítgib,

0

ioEO
lu
€o
EO
bo
(u

0

50

15

a0

35

30

25

20

t5
r0
05

t ='0,0305x ' 0,61

f = !.€s85

!00
i 5 r0

Aquncd cúú.dY...Éu.
15

A ttg u i lla a nn Í t i I b ( Aãn !l)

y={,0103x+0,0529
A: - O 1413

a 05 1 1J 2 2.5

Adlu.têd cúxlriê ..I*u G

Ps{,filocho,tü o stutLl polyl.tis (Pt ol)

0,

0,

3
r
5

0

0.06

0,04

op2

0.0s

0 1 15 2 2§

^duáêd 
ct,Írrítu. ..Êrê

3 3.5

y -o,Eaa
R:= 0

Col,iüs gttúca (Cpl

E

4,12

0,10

0,08

O,G

0,fl

0,02

0,m

y.{),(É61x+0.153
R:= I

0 05 1 1,5 2 2,5

rdF r.d curxriUc e ?lrrc

3 3.5

il7

RveR ERRe (RereneNce STREAM) - R7

€08

007

0,06

005

004

003

a02

001

0

3 35



Rrven EnRl (RereneNce srnearu)- RB

Lt, ci ot\1 r bt Lt b ocâ qi I L b o c )

0,35

0,30

4,25

0,20

0,15

0,10

0.05

0.m
0 2 468

^4rúêd 
cl,Íxtldt. c.9lr!6

10

Y=-0,!4mr+04763
E:- 0 95€4

Pse.tdochdtüosn rE polY/ê E (Pt oD

E

0,10

0,09

06
007
0tE
005
004
003
0,02

0,01

0,m
0 73

AÕú.d .rrrxláiv. c.Ér. .

y- {0ã4x+ 0,1099

R: - 0,5126

CúaÉ FarrfrrÂ (Ct\10

,
2

I

0,05

0,01

0,úa

003
003

002
002

0,01

0,01

0,00

! o,2 0a 0.0 0B

Áairdrd cúxrldv...0l!.

1?

y ='0,07ü4r * 007ô1

Gotio loân<i (Gloz)

0,45

e 0,"
à 0.35

i 0,,
Ê 025
E o:o
L o.r s

§ o,rou oos

0,m

y' -0,018x + !,4415
R:. O 91E2

l 5 !0

ÀIrldrd .urxJriYc .IôrG
15 2l

Lêponis dbbo6tts (Lgib)

a 30

,20

y.'0,0126x + 0:876
R: " 0,532

E

0,15

0,10

n ,05

0 . 6 € 10

Aôura.d cúrLivc cdrrc
1? 11

il-8

12



Rven ERRa (Rereneruce srneau) - R9

LrciúatuÉbo("aqei (Lbo.t

I ,06

,05

R

E

0

y-{,1orx+01036

0.M

0,@

0p,

0 ,01

000
0 a2 or 0É 0.8

^Cu3têd 
cú!ütln...gaúc

1'

S q u li§ t'y tê tâ x t É (S Íry 4

0,x
20

y=-068à+0,3a19
FF:0,9S5Í

2

:
015

0.

0,

l 0

úa

0,1É
rl 234

A<iÉrcd.cúaiÉ c.Éuc

5 6

Lêpa us giúosus (Lgib)

,
0.3o

0,25

o,Ã

0,t 5

0,10

0,05

0,@

Y ! _0.10!8x + 0é192

c 234
adiu.t d.ú{4*iF ..Éq.

5 ô

Goào rdrd (Gro4

0Bo
0,80

0,70

050

040
!,m
0m
0,10

0,m

,/.{1,0a69(+ 1J922
R:.0Sô

t 10 15

Adlrrt.dcú lriY. c{rlr.

Ps e,úo.hotttt, oslúú polyl.tia (PPo|

a ú
,05

,(I3

I
a

0

0

o,ú2

,41

0,0!
0 0: 04 0,6 0,8

Adlrrícd drrxlrv. c.Éu.

1 1,2

y . -Íl,t @r + 0,1 038

Arryuilâ ãtr./.til,i ( Aa nli

,l

!

g

0.07

0,(s

0,05

0,04

003

0,o2

001

0,ú

y. {,031r +0P7?a

R:= 0,7312

0 0,5 1 15

ÀIird.d curxlrir. .Tau.

il9



RrvER ERRA (Rerensruce srneau)- Rí0

GoUo lozenci (Glozl

0,6ú

0.50

0,ao

0,Í
0:0

0,10

0,@

y --0,018$r 0,6352
8:. 06rs

0 10 15

Ãürúêú.rrnririvC ..Érrc
?0 5

SqMlitts t ytGl.ralclrs (SWtl

5

120

t,m

080

0,60

0,10

0,20

qm

y - -0,0490r + 1 ,5Al
R:E 0,gS

D 3 10 15 fr25 30 35

aqusted.rlll(|LiYe c.paur.

Cobiti. paluditÀ (C,Éll

03á

ol0

0r5

0)0

0t
0,0

0r5

!r0

F.0iS7

ú
,) 0 l1

Âfirlrcd.§)riaiv. crpltl.

PserrdocâorrrroíoÍrÉ polylopb (Ppol)

0,6

005

0,04

0,03

0,02

0,01

0,00
0 0,2 o,1 0 6 0.€

^üirácd 
cúrxliY. .+rú.

1,2

t = -0,108&,0,'169

II_IO

Ê



Rven ERnn (RereneNce srneam) - R11

Gúto lozdttu (Al/ozl

r

É

0§!
045
0,40

035
0,30

a25
020
0,15

0,10

0.05

0.@

y.4,0175, + 0.í69
Ê.0,9:

! I t0 15

AÔrrt.d curxlrirc c4atrG

20

squat.,§ w.!Eicts lsqy.t

9

0.40

0,15

O,I
0,2É

0.20

0.15

0.r!

0.É

0,m

Y =-0,0rsx r 0,5676

É = !,s852

0 1 a68
Ádiu.r.d cúuaaiE ..Êú.

11

çoatt§ pá/utc, lcoal)

!

0.60

0.cl

0.4{)

030

o?

0,10

0@

y - -0,032ax +ú,7615
R=0915

0 5 t0 15

^diu..d.lrrlartu. 
.+rúc

20 t5

Lewds dúostÉ (Lgib)

t
r
!

g

c,35

0,30

035

020

0.15

0í0

0p5

0,@
0 2 {6

Âdirá.d dr||lrl-irô..É(..

I 1C

y - {,0563x * 0,51 69
r_ = 0.995

Ps .,t.tochottdr ostotttã ítoüle0t' (PPo|

I

0,05

005
0,oJt

0,04

0,03

0,03

0.0?

0,m
0.01

0pl
0po

0 4.2 0.{ 0.6 0.8

^ôr.rd.urraô!,G 
.§aú.

I 1:

t-{,@7xr0,09I

II I I



RveR Enna (Rereneruce srneam) - R12

Laciohatb , bo<.agci (Lbo.)

.E

É

0,16

0,14

o,12

0,10

0.08

0pe

0p4

op2

0@

v - {.0235x + 0.1 763

R: = 0,5675

0 234

^4rn 
d cúÍrlrtu. c.?ruc

a E

S q tali us W re nâ ic r 6 ( S py rl

0,s

0,25

0,20

0 r5

010

0,05

0,cB

0 2 468
AoluÍrd crÍÍrlltiv...ímÍ.

10 l2

y = -0,021 3! + 0,3036
R:- 0pa97

Co,.ns phrdia (COaD

',

E

5

o25

om

0í5

0J0

0 D5

0ll0
! 1 2315

ÀdFr.rcd.ur|.IáiYG..Pir.
Ê

y = 4,0a2€t+0,379
F:= 01615

coblo loza\ol (Gloz)

0,a5

: 0,r0

! o,:s

E o:o

I o,?o

b o,r:

f oroe oos

0@

,. {,016r.0,4í9
R: = o.s26rt

0 510 15

^üri..d 
crÍxLrv. .?.u.

20

L êponris lf ib bo.us (L g lbt

5

0,30

0:5

a,zl

0.15

0.10

ú,05

0.m
c 1 23a5

^di.ráêd 
.rr lliê c.Éu ê

6

y-{,@2ã+0,493{

II-12



RNeR Ennq (Rerenetlce srneam) - R13

Lttc iorra t b 0s boc.a gci (Lbo.)

0 ,30

:0!
E

É

0

, E -0,031$tr + 0,3s59

c

c 1

c

0.m
c .68

^.lrnt 
d.lrl rúir...9nr.

10 12

Gobio lozânoi (Gloz)

t

035

0,3,

0,25

0,20

0,r 5

0,!0

0,6

0.m

y -S.Ora9, + 0,572
i:= o,€45

c 46a10

^qurr.d 
dr ldrê ê.Ér.

12 11 16

t êporDis g/ôà otrs íLgiô)

5

0,35

0,30

0,ã

0,20

0,15

0,10

0,05

0,m
0 itô8

^ôu.rcd.lrnrad'ê 
..Élrc

10 12

y=-0,0a(7x+0,,178
Fi-0949

S.luali6 Wrcnai.us (SW4

0,1€

i o.re

E 0.14

2 0.12

3 o,o

I 0,"
- orx
í c.0.

002

0,m

V= €,ESx.0 t 727

F:.0.9787

0 ,r6

^airricd 
crrnLiu...9ruG

3 .!

il13



RrveR EnRa (Rereneuce srnenm) - R14

Lu.iolÉ tlrus boagei (Lboc)

0,'rs

t5 0.§
I 0.r
E o,-
! o:o
5 nr<
t -'-
E 0,10t o,*

0,@

r-{01ltlx.01591
R:. 0,6645

o 5 10 15

ÂÚlrí.d crrÍrlrlv..Tru.
2a

SqÉlhô lryreBicus (sWr)

E

Ê

0.20

0.r8
0,16

0ía
0.12

0,10

0,6
0,6
004
0,02

0,0

y-o.o!s!+0,213!
R: - c,956

0 .6

AüÉrGd .rrntidY. .Tru.

B 1!

Gotio tozând (Glozl

u rio

,50

y - oP37ü'0,82€7

0,40

0.38

020

0.10

0p0
0 a 1a 15 20 É

Âdir.rcd c(rnúr,vê . .Paú.

Psardoc-l,on.,rcíoírá polylqi s (PPo|

g

0,16

q1a

q12

q10

0,0ô

0.06

0,01

0,02

0,00

y-{@lx+0,16?5
B: - 0,ss

0 .E
Itrlult.d.ül|lldv...Fr.

I 10

ll 14



Rven Muce (Oesrecles srneem)- DO1

Lrrcioháó,rs locaUei (Lboc,

"e

!

090

0r0

0ro

0l€
0!c

b4

âü.d.d.urlrariiê c.l,trc

S qt'ãti u. py rcnaic us (S N t)

c

1A

Aquí.d.lmdniÉ cair.

Gobio lozànoi {Gr'oz)

I 2A

,!0

,80

60

30

20

,00

1

y--0.0374x+1,56a,a

R:. o9€72

0

0

0

c

0 1C 20 30

^{orr.d 
crr LiÉ ..Éu .

1l 5D

Pse rro.hondrostona pofybPie (PPoll

3

0,11

0,12

0,10

0,08

0,6

0p.r

002

0,00

Y={01 3t+ 0J 5?a

0 6Á18

rl 46
Âdlrrácd .llflll.irc.$rê

I

Cohitis pahdiea (Cpall

! 0aa

0 clu

00r
00ã
0 020

0 015

0010
0 005

00m

y: { mg5r + 0,0143

R1. u,625

I 0,1 04 0,6 0,8

Adluí.d cunúdr. ..P(r.
l 1,)

U ic toDterc sahnoi.les (M§â0

,
0

a

0

0

0

o

0

0

.E
p7

.6
ps

.0{

p3

02

,o1

Y- O!21ôt.0.0978
R:. o,7t5s

A4tltGd .u*lriÉ ..oarr.
a

Iepoot,s a, iôbos/s íL í,1,,

i
o,ú

ÁdloGt.d .mríáir. aÉqc

A n!fiilla annuilb (Aaog)

5

0,045
0,040

0,035

0,0r
0 0?5
0 02!

0,015

0,010
0,Bs
0,ffi

a 0: 0Í 0É 0Ê

^{uíêd.llldrivc 
..Ftrê

1 1.2

Rven Muce (Oesrncues srnearu)- UO1
II 15

10

25

y= O,m95i+0P143
R:.0,825



Luciobe úus bocâgei (L boc)

0,18

0.16

0.14

0,12

0,10

0.(E

0,m

0,04

0,m

0,m

I 134

^Ôrríêd 
ctÍÍdatuê G.ÉrÍG

5 6

y=.0p13x.0,ir$3

n:= 0,1165

Gobio lozdt oi (Gloz)

2,58

2.m

1,50

1,m

0,s

0m
0 m {60

A4ün.d cunlriv. c.FttÍê

80 100

y:,0Ê31r+ 2p766

R:= 097S1

PserrdoclrofldtosÍoflr.? polyleqis (Ppor)

r

0,Á

0,n

015

0,t

,tb

,m

0

0

0 '1 23456
âqürrcd crÍlriídYc..Plir.

78

y:.0,683x+ q4

R: = 0ÉrS7

C. tphtdica (Cpa|

5

0,É

0,12

0,m

0m

0ffi

0.04

0ü
0m

0 1 23

^di.úcd 
c(tnddvc c$rc

4

Ê:=0 1164

y= 0,0103x+

Sq âIn,§ pyrenlic,,s (Spy4

't

I

1fr

1E

0.s

080

0,{

020

0p0

0 1C MI]
Áiliült.d cilfl.Úniuc c.ÉrÍ.

4ll 5!

y=-0ffi5r. í,{555

R:=0,S€

Lepo üt is g ibbosus (Lgi b)

3

0,{)

015

0:o
n25

020

0J5

0J0

OE
OE

0 16 810 12

Àlld.d curxlir. c§trc
14 16

F.0,m6x+0,2S2
n:=0,1ã

II 16

Rrven Muee (Oesrncles sTREAM) -8112



Lt tc i o ba r b us bocâ g ei (L boc)

0É0
015
0$
035
030
02s
020
0,t 5

0,t 0

0!s
0p0

? il G 8 r0 12

Âürícd cúüarry. .?rl,c
14 16

y.4036ü+0á897

R:. o913r ,

í

1.80

lÉ0

1.r0

1:!
1$
0&
0,60

0I0
020
0,00

! 10 2B 3l
lürlrG.l.urxi{YG.*art.

40

y={,tr56x+ 2,2ÍPo

R:.0.9€86

Prêídocl,ondroíorrã poúlêl'is (Plroll

ú,35

0,30

0,?5

o,x
0,15

0,10

0,05

0,m

0 I 10

y = {1,061x + 01966

R2:0.!g8

Ang,,ilL? ang itld (Aang)

I

!

É

0,06

005

004

0,03

0 0

u ,u

!.00

! 0i 0I c,6 0E

À.hta.d qrrrlrr. c.Éuc
l 1i

I. {,103r+ 0,1031

R2= t

5 q uatil/§ pyrc naic ui ( S t'y 4

E

I
!

^dfusl.í 
cúxí.tiv. . r,trr.

Loponri§ giôboírs íL gÍ1r.,

B

r

0:r
0,18

0,16

0,'t4
0,12

0,10

0,m
0,ffi
0,0.1

0,02

0,m

) 468
A4r3têd.úiij!.ê c.ínu.

10 12

y={,011{t+0,1S7
R'?= 0,6531

II _ 17

Rrven Muee (Oesracles STREAM) -DOz

0

0

Gobio lozrnoi (GlozJ

50

246
,l6r.r.d crrxrLtyc c*aLr



Lxcíobárbüs bocrgêi íLàoc)

5

2p
1FO

1F0
1I0
120
100
0Ê0
0É0
0í0
a&
0p0

2l a0 60

^qu.&d 
cuYxlá c .rpr(I.

Ê(r

R:- 0,983€

Y= {P23xl2

sqltdlius pyrc àictts (slyr)

r
E

(

090
080
070
0Éo
050
0,rc
030
020
010
0po

c 1C 20 I

ÁÔldêd crfYIlLrYê ê.Éuc

5l

y=!PZ7x+1J23E

R:= 0.9$6

Lepof is íibboí,s (lÍrib)

5

I

!08

006

0,01

0i2

0.00

2:1

^diráGd 
.u|tíriu. c?tr.

,

,í =,0,110l 6r . 0 ú7t1

R:= 0,0ü2

C o b it'rs pa h n ! i ca (C pa l)

ú.m

0,06

0,04

0.u3

0p2

0,01

0m
0,m 0:0 0í0 0!0 0p 1F l,m

^dluí.d 
.!rxkiY. c.Ér.

i,/8 1,60

Y:0015€x.0m51
t'= 0!67

Gobto lozânoi (Glozt

r
t
5

rI0

120

tp0

0!0
0p0

0,r0

020

0p0

y=.0,014rr+ i 58!
R:" 0 B85t

c IO 20$4050
Â.ltícd chxtãrtuô ..Éu G

m/0

P* t tl o c ho nd, o §o nú Po ly I e p'ts (P P l)

I

!

d

0.40

!3s
c30
0,25

0,20

!,!5
0,10

0,u5

0.m

0 5 10

ArlF3l.d clnürar ...írtuC
15 ]U

Y.OP2alx+0a922
R:= 0,€587

Microplerís sárlloirres íl4sá,

r,fis
0,040

!,035
0,0r
0.025

0.020

0.015

0,Í110

0,000

! r5

tu ud.d cl'rill.liu. c+aüê

2

y. 0.022ô!+ 0@1
E:.07ã5

tharccyqL alb rnoi.l.s qalb)

E

g

0,18

0,16

0l{
0,12

0,10

0,m

0s
00r
0ú2
0m

t 1 23t
A.lud.ó.ún ari' ..Éú.

5 €

y='0857Éx+0,13§

il l8

1000

0

--

RvEn Muce (Oesrncles sTREAM) - U02



Iücioôaíbt,s ôocrgei (Lóoc)

0,25

Ê 0,m

2! 015

t
! o,to

y:-qm2B +0

É.0 65€:

OT
168

^ô|l.il 
.ufrtan. ..Pú.

ri 12

Sq ua lits pl nneicus (S ür)

5

oã

OF

0í5

y.OÍntsx+0:6É
8:=01632

05

001
012 3a56

lcú.d rúe..rPiu.
789

l-.ponar giôbosr6 íLgià,

a

g

a2a

0r0

0.!

0,1 0

0,05

0,@

: 1 6 I r0 11 t1

Âdiust.{ cunxíriYc..9ru.

y.-!P111x+cJ65€
Ê: = ! 8?35

À.xdo. iooÍrroío,t'â Po,ylopi! í4)ol,

0,xl

025

0r!

a

'i
jq

0,05

0,m
681C12

Ádlürt d .urrá. clÚtê
1a 16 i8

8:= 03@a

y = 
.11,01 1t | 0

Anguilh anJuilh(Aang)

0,0s

q0J
q0ã

0,020

0,015

0.010

0!6
0,00

yr{,ür07x+qoÍr

l 0) 0,4 !§ qB

AdirÉ.d cüIlLtvc c+rê
12

Cobiris pahdi.â (Cí'z0

!
!

018

0,1ô

0,14

0,t2

0,10

0,m

0.lF

0p1

0Íp
00

0 1 2 89

y '-! [-223t + 0,2088

R: = 0,709€

0 p1s

0 010

ô65

0@
0 q25

0,0'n]

0,015

0,0r0

0,m5

0.m

y.00072:+0.@72

0 0: 0í 0,6 08

^rIur.d 
cürüLir ..pú.

12

Gobto toranoi (Glo4

^dlríd.unritY..$.rr.

I

g

Rven Muce (Oesracles sTREAM) -8.213

il 19

3156

^*dcd 
cúÍrlliE r.Érr.

rl

lli.toqt tt6 iâhnotu/[É (l,,Éa[



L uci otu t bts bocagêi (L b<ta)

r

0,€

0,§

O,T

o,É

0:0

0,t5

0,Í)

0,c

0@

y - -qfi Éx l o,pr
fi:= !,35A1

0 5 ú15

^{u.r.d 
cur .lrlY. .{Àr.

À.) 4

Sq alirc ,{,l.,}ti. s (spyl

0 l:

I

0,25

0.20

r ='0 0118.0,33€2

0,

0, 0

0,05

0,m
3 10

^dl.d.d 
mirrc ..Fr.

1a ti

Lqú,r6 gibbosr,Í íLgló)

I

r

Cobio lozanoi(Gloz)

0Êú

E 070
y.,0!ãex ' !,$51

F:-O,gaS
0,60

0,50

0,40

030

0,20

0,10

0,00
l 1l 20 30

^di.iêd 
Ãrrxaait...Éú.

9)

Fsê/dochordro§orÉ polY l.Pk (P?olt

,.

r
9
!
;
Ê

02!
018
016
0la
0.! 2

0,r0
0,G
0,{E

0,04

0.02

0.@

y={p1r+0,i9-19
R:=0,5§

0 2 a6810
Adlrá.d.rarll*..í4.

12

Angttil,n ang ilh (Adfig)

t

r

0,@

0c6

0,c@

0,015

0,010

O,G

o,qD

Y - -0,G7r *

i 0: 0,4 0F 0,8

Ádi.rcd drrrrrÍrê.í(f.
1 12

RveR Muoe (Oasrncles srneam)- DO3

II 20



Llrcioàárbrrs bocrgci íLbo.l

1tfr

1fi
120

1fr

080

0!0

0fi
0n
0!0

010 20@.()50ô0
Áô.r.d qn|ll*Yc c+trâ

70&

Gohio lozânoi (Clo4

0,6
0,,o

0,6
O,T

0,ã
op
0,15

0,10

0,6
o.co

Y={018x+0

0 ú!5
Adlr-t.d arnlrlr. ê.É.Í.

:Íl x

Sq ualh$ pyrcnaic s (s f,yi

g

0p
0,70

0É0

ú,r
aa

0,@

v E .oIlcer + í.ts1
É=q@2

AdiEt.d o,.xrl{rê c.F$ ê

L cpon t is gibhosus (Lg ibt

,E

t

0,14

0,u

0,ú

0,ú

O,G

0,04

0,@

0,o

. y-O0!lôrrO,l2l1
i=02a2

0 3456
A4rêd ornl..tt. ..Éú.

Bêrr{ro.hondroíao,lú polylê1tis (Ppo|

0,0

0,5

0,30

o,É

0,r0

0,15

0,i0

0,6

0,@

y-Oo{e}0É48
É-qw

n a 4 6 I 1!

^4ürcó 
ffirt-É c.Éu.

12

II ]I

RveR Muoe (Oasracles srneau)- UO3



Lrcio!árb s ôocrgêi íL bo..,

a

5

0!5

ap
AF

020

0í5

0,10

0p5

0!o

y-{,0l2Bx+041G
d.0,s?

rl 46€
ÁC.ú.d otrxldl. ..Éuê

10 12

Gohio tozÃnoi (Glozl

1,60

1li
1,Â

1m

0,il
0,60

0,o

oa
0,m

\lt.0,ú4ry+ I
d=0Sq

0 1l 20rs50
Â4üêd (rÍxr-Yc .lu!

Sq ali6 ryrc âkutlspy.)

,

I

0í8
0í6

0,1a

0í2
0,10

0,tD

0,6

0,@

0,@

0 l 2 3.5

^.1.ú.d 
ún rú.. c$rc

€

Rr-0,7116

L epo nt h g i b bosus (L g i h)

, 0!

0É

0l!
4aa

Âdi('ted aÍxtJvê c.Éllc
12

Aàrdoc rDndroío rrá polylcp/s (Ppo[

!

g

a5

aa

0,15

!,10

c,c6

0,@

Y . -0r1 ôÀ . 0.1 €1

0 23{5
Ádirtê.| írÍrrirr. c.É!r.

Cobins pahrdica (Cpll

0.1'l

0.1?

0,10

0,ÍE

0,@

0,ot

0,@

0,@

y. €,ts.sí +0r83

0 734

^Ôrdã, 
áÍÍrlltir. c.Éqc

6

Rven Muee (Oasrecles STREAM) -B314

II 22

870



Lrrcioàárbri ào.ág.l íf boc,

r

1.@

4.9
0,rc
0,70

0,@
0.50

0.10

0.tl
0,r
0.10

0p

y.4,0305r + 1,3044

1l 1l 20 30

Aüáo{ dxÍÚái...ÉtÍ.
5ú

sqBlnÉ Wr.,âkt,.(Spyt)

3

0,€0

0,5!

0í
0ro

010

0,@

y- -o,tErsx r 0,8Í6

l 5 10 1gn

^r5-.d 
qrÍi*ç c.Êu.

Í

Gobio lozâDoi (Glo4

1.Co

0,9
0s
olE
060
050
0{
030
0.r
0r0
0@

10 1520250
Adi.t d qmirv...Éú.

35 a0 a§

y.4P2@:.i 199a

Pseudorho,ldto§on'a potyl.t k (Ppo|

0,õ

0.r
0,ã

0p
0J5

0í0

0,05

0.@

y = l],C2Ír1r + 0,alF4
Ê_'.0.7922

c 4 6 I 10

^di.r.d 
úiiatr. ..Érrê

12

f êponri§ gibôo§Íl3 íf gib,

5

0.0í5

0,q0
0,tss

0,80
0,@5

0p0
0p5
0,0t 0

0Í05
0,c00

0,ol 0p 0.r qm 0,e

^dlr-.d 
ornld!.ê ..íaüíê

1m 1,20

F: = 0.03G

y. {,(Ezx *

Cobhis pahuJica (Cpall

.!

0,0í5

0,0a0

0,85

0,@
0,@5

0,@
00r5
0.010

0@5

0coo

y= 0P7& +0,083

0

RrveR Mucs (Oesrnclss srnenu) - DO4

II-23

0,. 06 0É 1 12

^dlri.d 
(r,rúarr. c.íuê



Squaln', ,y,e't i.us Ispyí)

A.tá.d qrrr*...Éú.

Aerdo.r,ordrosloÍlla po ly, e pi' (P po 0

0í6

0J.

0í2

0í0

0p
0,o

0.q

0,(D

0,@

tr 1 3456
ÁürrGd oxlr. ..Ér.

ta9

. v ' J),01-1ôr. 0í4,

L w b ba t b w boez ge i lL bo<.|

a

!

IF
110

1fr
1F
0p
0É0

0$
0ra

OF
t r0 20rao

aiirr.d úÉl-Ú..dn.
50 @

Y=4,8x+1,91
R: ' opges

L.Í,onrr qiôôô.11' ílsib,

I

g

^Cd.n 
dnrláic..Éú.

Goüo lout oí lcloz)

t

0,m

0,s

0{
0s
0r0

y -,0 @lâ.
R:.0,S1

0

0ca
5 10 ,5 E

^.l(.tc<, 
crxrtlrc.ÉÍ.

?5 3a

Rrven Muce (Oasrncles STREAM)- U04

lt 24



l{.,oiÉ.b,s b«jgei ít60.)

,

!

T

I

?5

?!

t5

0

,]

c+5

JM
012X 156

^ltr.d 
6rL,. c.É..

799

y =.0,04741016l

Cobio lozanoi (Glozl

!

FO

ôa

p
@

Ê0

60

t0
n
p0

y=40Ex11raíS
É= 0t€!

,! 2ara5060
a.l,t.d arlrrir..sú.

70 €!

squali6 py.cnaict/6 (st ft)

I

q

a

0,@

0,,{0

O,T

ô.h

y.40251xrú,61ôa

0 0

a 5 10 15m

^illrt.tl 
qtEJraYc..Crf, ê

Aníilh anguilh (^ang)

I

!

oPrE

0p5
0p3
o§á
opa
0015

0p!0

OE
OE

v.4E&r!!132
d-oB!

0,2 0,a 0.6 0,€

^6rt.d 
cÍxrlr..írt .

trporr'is giôóosrrs ít gib,

!
E

0,0r

0,0n

0,0ã

0,020

q015

0,010

0,06

0,0(,

v-!pc6&.0,01
F-0,@3

0: 0,4 0Ê c8

^ili.l.d 
qrnrtY. c.Éú .

I r,l

RrveR Muce (Oasrncles srneau) -B,415

II-25

l



Gobio lozdÍoi(Glo4

I

c

0,16

0,1{

0,12

0.10

0.08

0,06

0,0r

8,02

0,00

0 1 231
Adirl.d qrllrl{Yc ..Brrê

€

Y =-0,023& * 0 17E2

F = 0.SSg

SqBlit,s pynnaic s (SpyI

0r0
;0t8
t oro
! ola

! o:,2

! Úi0

!08rúff
É op.

iDz
0tr

0 1 ?315
adlr.tcd únrlrYc ..a,lo .

y:'0llB1ü+024S1
F:0.94!

L ciobaúus ba.asei (Lbo.)

:
I

I

020
0,1I
0,16

0,1a

0,1?

0,10

0,É
0,6
0,ot
0,m
0,m

il l 7315

^.liá.4 
o. r.ar...Êr.

Y=-o!r$i+0.27
Fa=0,9n9

L aponis g ibbostls (Lgib)

o,Ã
0,É
0,6
0,ú
0,12

0,ú
0,@

0,c6

0,04

0,@

0,@

y -.0.613x. 0,3113

N:=0Se

0 l 234
Adlí.d cirxr.Ô. c$r.

5

Rven Muce (Oasrrcles STREAM) - DOs

II_26



L,,cro[nrbí,s bo.ágêi ít l,oc)

,
qm

qrc

0,ôl

0,Í
q4
0,3

o,n
q1]

qm

Y =.0P1e&.0Ée

! 5 1! 1520ãI

^rlira.d 
dfiúrâ,G c.Éüc

35€,6

Sq Lzl ius ?y,.tâ ic us ( S t yt)

,l

045

035

030

oã
OF
015

0r0
005

0@

| - 4D2Zt+0!X
F-09@

0 t 10

^úrr.d 
crua..'rc.$!c

15 20

Lq'ôlmh qibbo.us (Lqib)

,
0,1r

0,12

0,10

0,m

0,6

0,01

0,ú

0,m

y:{.raÍr023aa

0 0É 11,5225
A4itCd ern tv...du.

l5

Gobio loanoi (ctozl

I
x

!

B

0t8
0:6
0J4

412

0:0
OE
OE
001

001

OE

y=-0og5xa0rlB1

0 2 ,l 6

^di.r.d 
on LÍE cgú.

B r0

Ps.u.kx h ô nt.o61o t m pô ty Lp is lPVo 0

,

I

0,É

0,t
0,É

a,!
0.t
0,É

0,m

0,0a

0,w

0,m

0 2 468

^ú.tcd 
ú j-* c.Éa.

1D

i:=0 7&9

Rrven Muee (Oesrncres srneeu) - UOs

ÍÍ-77



Ll,clobatb s bor-âq.i (Lboc)

I

t!
I

5

qÉ
q16

0,í
q12

qre

0,(B

0.(E

0,04

0,(D

0,o

y r _0.G!ü + q341 ?

0 0,5 1.5 I ?,5 335
Arli..t.d crnfilr. c.Éu.

41F

Sq?,áIitiÉ pyrcnelctlr (SFy4

0.45

f 0-,10

! 0."
! 0,,
ê o,z5

Ioa
! 0,, o

0.ú

y-4,035ôx,0.5429
n:=0,7913

a 2 4 6 E 10

a{r-r.d qÍ l{r. c.Ê!.
12 11 1ô

Gobio lozânoi (Gloz)

,!

:
É

1,@

1:0

t,m

0,&

0,m

0:0

0,@

t"{,@(It.2P<81
F:.0S655

0 10 ,340fl
Àdiúr.d crÍtlt cgú.

ú 70

L.po nt ts al bbo.u. (L lrib)

,

E

g

q.0

0,3§

0,30

025

0.20

0,15

0,10

0,05

0,00

.l--'0,0155r.03299
FÊ=! 3871

0 6 8 10

Aairt d orxrt.'n .St.
12 l1 1ô

It-28


