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Abstract Implementation of the Water Framework

Directive requires tools for measuring and monitoring

the ecological status of aquatic ecosystems. Several

indices are in use in the Iberian Peninsula, although

there has been little comparison among them. We

sampled the fish assemblage and limnological fea-

tures of the Tordera stream (NE Spain) quarterly from

September 2001 to May 2003 to evaluate the

usefulness of several fish metrics and to compare

habitat quality and biotic indices currently in use.

Data for eight biotic and abiotic indices for this and

three other Catalan river basins were also compiled in

order to analyse the relationships among indices. In

the Tordera stream, fish abundance and richness

increased with stream order except in the last

sampling site that had the lowest fish abundance

owing to the effects of drought and water abstraction.

Although most indices were positively correlated,

some displayed low or null correlations particularly

for the Tordera basin which is more affected by water

abstraction and less by pollution; a commonly used

physico-chemical index (ISQA) was the least

correlated. In a regional fish index (IBICAT) under

development, the brown trout (Salmo trutta) has been

previously considered as introduced in the Tordera

basin. Here, we report an old published record that

demonstrates that trout was present before 1845 and

we argue that its status should be considered as

uncertain given the current information available.

Whether brown trout is treated as native or intro-

duced to this river basin has profound effects on the

results of fish metrics because of its dominance in the

upper reaches. We briefly discuss the role of intro-

duced species, particularly in headwater streams, in

the development of fish indices. Our study exempli-

fies the need for careful, basin-specific assessment of

native/introduced status in the development of fish

metrics.
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Introduction

In December 2000, the European Union enacted a

new and ambitious water policy, the Water Frame-

work Directive (WFD). According to the WFD,

Member States are required to protect and restore all

aquatic ecosystems with the aim of achieving good

ecological status by 2015. The WFD also requires

Member States to measure the ecological status of
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aquatic ecosystems by assessing their hydromorpho-

logical, chemical and biological characteristics. In the

WFD, ecological status is defined as ‘‘an expression

of the quality of the structure and functioning of

aquatic ecosystems associated with surface waters’’

and for biological quality elements is mainly mea-

sured as changes in the composition and abundance

of different taxonomic groups. For rivers, three

biological elements are required for the classification

of ecological status: aquatic flora, benthic inverte-

brates and fish.

In the Iberian Peninsula, and for its Mediterranean

streams in particular, several biotic and abiotic indices

have been extensively applied for water quality and

ecological monitoring: the Simplified valuation of

water quality, ISQA (Queralt, 1982); the riparian

vegetation quality index, QBR (Munné et al., 2003);

the habitat quality index, IH (Pardo et al., 2002); an

index based on diatoms, IPS (Cemagref, 1982; ACA,

2003); and several indices based on macroinverte-

brates, such as IBMWP and IASPT (Alba-Tercedor &

Sánchez-Ortega, 1988; Alba-Tercedor et al., 2002) and

others specific for Catalan rivers and streams, FBILL

(Prat et al., 1999, 2000) and BMWPC (Benito & Puig,

1999). ISQA and BMWPC indices have been used

routinely by the Catalan Water Agency, Government

of Catalonia for water quality monitoring (see http://

www.gencat.net/aca/), whereas FBILL, QBR, IBMWP,

IH, IASPT and IPS are used by the Barcelona Provin-

cial Council (see http://www.diba.cat/mediambient/

ecostrimed.asp).

In contrast, biotic indices based on stream fish

assemblages are much less developed in Europe and

particularly the Iberian Peninsula. Since the first

proposal of the Index of Biotic Integrity, IBI (Karr,

1981; Karr et al., 1986), fish have been used as

ecological indicators for about 20 years, but mostly

in North America (Hughes & Oberdorff, 1999).

Within Europe, Oberdorff et al. (2002) pioneered

the development of a fish-based index (FBI) in France

and Pont et al. (2006) proposed a European fish

assemblage index that is under further elaboration.

However, this general index does not work well in

Mediterranean rivers and streams because of low fish

richness, high degree of endemicity and strong spatial

variation in fish faunas (Ferreira et al., unpublished

manuscript), as a result of evolutionary history and

the lower and irregular availability of fresh water

in Mediterranean ecosystems (Doadrio et al., 1991;

Reyjol et al., 2007). For this reason, specific fish

metrics need to be validated and adapted to the

Iberian Peninsula. Sostoa et al. (2003) distinguished

five types among Catalan rivers and for each type

demonstrated the relationship of 1–3 fish metrics with

human disturbances, tentatively suggesting an index

of biotic integrity (IBICAT). We are not aware of

other fish indices specific to the Iberian Peninsula.

Identifying fish metrics that respond to disturbances

in Mediterranean-type streams is thus an urgent need,

particularly in the context of the WFD.

There have been a few comparative studies of

biotic indices in the Iberian Peninsula and mostly only

between pairs of indices (Prat et al., 1986; Sabater,

2000; Pardo et al., 2002; Bonada et al., 2004; Damá-

sio et al., 2007). We studied the fish assemblage of a

Mediterranean river basin (Tordera) during two years

to evaluate the usefulness of several fish metrics in

relation to several habitat quality and biotic indices. In

addition, we analysed the relationship among several

water quality, hydromorphological and biotic indices

used in Catalonia across four river basins.

Methods

Field study

The Tordera stream (Catalonia, NE Spain) rises in the

Montseny mountains, covers a drainage area of

approximately 895 km2, and is fed by sudden

torrential discharges. It has highest flow in spring

and a typical Mediterranean severe drought in

summer. There are no dams along the stream, but

river flow is heavily reduced owing to water abstrac-

tion for irrigation, human consumption and industry;

this intensifies the drought periods. Predominant land

use in the river basin is row-crop agriculture and

residential. The water quality of the river is being

monitored (see references below) and some further

data on macroinvertebrates (Ortiz et al., 2006) and

fish (Aparicio et al., 2000; Sostoa et al., 2003) are

available, particularly in one of its tributaries, Fuir-

osos stream (see Romanı́ et al., 2004; Domènech

et al., 2006; and references therein).

From September 2001 to May 2003, fish and

abiotic variables were measured quarterly at seven

sites along the stream (Fig. 1, Table 1). The summer

of 2001 represented a very dry year in which more
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than 50% of the main stream course dried up, mainly

from the middle to lower reaches. In each sampling

date, the following variables were measured: altitude

(m), stretch wetted width (m), percentage of substrate

composition (stones, rocks and silt); percentage of

refuges, pools and riffles, and percentage of vegeta-

tion (trees, bushes and hydrophytes). Other variables

such as ammonium, nitrite, nitrate, phosphate, sul-

phate and chloride concentrations, water flow (m3/s),

oxygen saturation, pH, water temperature (�C) and

conductivity (lS/cm) were simultaneously obtained

by other monitoring teams (Prat et al., 2002; Boada

et al., 2003; http://www.gencat.net/aca). Selected

habitat and limnological features of sampling sites

are summarized in Table 1.

Fish were sampled by electrofishing 100 m

stretches of the seven sampling sites. In all sampling

sites, electrofishing surveys employed the following

procedure: stretches were blocked off with barrier

nets and two successive electrofishing passes (200–

350 V, 2–3 A fully rectified triphasic DC) were

performed to estimate fish density using the removal

method (Seber, 1982). All fish were anesthetised with

tricaine (MS-222), identified, counted, measured

(fork length, in mm) and released after the two-

passes.

Fish metrics and biotic indices

For each sampling site of the Tordera stream we

computed several conventional fish metrics, such as

Gualba
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Fig. 1 Location of sampling sites along the Tordera stream: 0,

Llavina; 1, Sant Esteve; 2, Santa Maria; 3, Sant Celoni; 4, Can

Perxistó; 5, Estació d’Aforament; 6, Tordera. See Table 1 for

further information
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species richness, total density (fish/ha), percentage of

fish with anomalies (external diseases and malforma-

tions), percentage of native fish species and percentage

of native individuals. Percentage of native fish species

and percentage of native fish individuals were calcu-

lated both considering brown trout (Salmo trutta L.) as

a native and introduced, because brown trout status in

Tordera basin is uncertain (see Discussion).

Water quality and ecological indices such as ISQA

(Queralt, 1982), QBR (Munné et al., 2003), IPS

(Cemagref, 1982) and FBILL (Prat et al., 1999,

2000) were compared with the fish metrics. The

ISQA (Simplified valuation of water quality) is a

water quality index based on five parameters: water

temperature; dissolved organic matter; conductivity;

oxygen availability and chemical oxygen demand.

The QBR (Riparian Habitat Quality Index) is a habitat

quality index that accounts for riparian cover per-

centage, cover structure, cover quality and naturalness

of the river channel. The IPS (Specific Pollution

Sensitivity index) is the biotic index based on diatoms

that works better in Catalan rivers (Damásio et al.,

2007), whereas FBILL (Family Biotic Index for

Llobregat river) is a biotic index based on benthic

macroinvertebrates. Data from all these indices came

from the Catalan Water Agency (data can be down-

loaded at http://www.gencat.net/aca/en//aiguamedi/

rius/inici.jsp), Prat et al. (2002), and Boada et al.

(2003).

To further compare the information provided by

the different water quality, habitat and biotic indices,

we also used data from three other Catalan river

basins (Besós, Foix and Llobregat) (Prat et al., 2002;

Boada et al., 2003; http://www.gencat.net/aca/). The

indices analysed were the aforementioned ISQA,

QBR, FBILL and the following five: IH (Fluvial

Habitat Index, Pardo et al., 2002), which is a rapid

bio-assessment measure of habitat diversity; IBMWP

(Iberian Biological Monitoring Working Party, Alba-

Tercedor et al., 2002), based on benthic macroin-

vertebrates and adapted to Iberian rivers and streams;

BMWPC (Biological Monitoring Working Party for

Catalonia, Benito & Puig, 1999), also based on ben-

thic macroinvertebrates but adapted to Catalan rivers

and streams; IASPT (Iberian Average Score per

Taxon, Alba-Tercedor & Sánchez-Ortega, 1988;

Alba-Tercedor et al., 2002), which measures the

mean tolerance level of the macroinvertebrate com-

munity and IBICAT (Sostoa et al., 2003). IBMWP,

BMWPC, FBILL, IASPT, and IBICAT are thus

biological quality indices, ISQA is an abiotic index

that measures physicochemical properties and QBR

and IH are hydromorphological indices.

IBICAT distinguishes five river types in Catalonia:

high mountain rivers, Ebro main watercourses, humid

mountain rivers, low Mediterranean mountain rivers

and (Mediterranean) littoral streams (Sostoa et al.,

2003; ACA, 2006); only the three latter are present in

Tordera river basin. IBICAT considers the following

metrics: percentage of native species and percentage

of intolerant species for the humid mountain river

type; number of native species, number of insectiv-

orous native species and density of intolerant native

species for the low Mediterranean mountain river

type; and percentage of native species, percentage of

insectivorous species (including introduced species)

and percentage of native species referred to the

historical ones for the littoral stream type. All of

these metrics score from 1 (poor) to 5 (good) ( Sostoa

et al., 2003; ACA, 2006) and were averaged for each

sampling site.

Statistical analyses

Principal component analyses (PCA) were applied to

habitat and limnological variables, and to biotic

indices and fish metrics to describe the main sources

of variation and relationships. To improve linearity,

nutrient concentrations and water flow were log-

transformed (log10). To reduce problems with com-

positional data, some categories (e.g., rocks and

stones) were pooled and redundant variables (adding

100%) were excluded. Kaiser–Meyer–Olkin’s mea-

sure of sampling adequacy (KMO) was used to assess

the usefulness of a PCA. KMO ranges from 0 to 1 and

should be well above 0.5 if variables are very

interdependent and a PCA is useful. Bivariate rela-

tionships were analysed using Spearman’s correlation

coefficient.

Correspondence analysis (CA) was used to analyse

the main patterns of variation in fish species compo-

sition. For community ecological data, CA generally

performs better than principal component analysis,

owing to unimodal response of species abundance to

environmental gradients (ter Braak, 1987).

The relationship of IBMWP (a biotic index based

on macroinvertebrates) with ISQA (water quality
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index) and IBICAT (a fish index) by river or stream

affiliations were tested by linear regression. All

statistical analyses were performed with SPSS 12.

Results

Water quality in Tordera stream

Correlations among all pairwise combinations of

habitat and limnological variables are given in

Table 2. Most of the variables were significantly

correlated and KMO (= 0.57) indicated the useful-

ness of a PCA, which explained 47% of the variation

with two axes (Fig. 2). As also seen with the factor

loadings, the highest correlations were found among

altitude, percentage of bushes and trees, percentage

of stones and rocks, percentage of riffles and oxygen

saturation which were positively intercorrelated and

negatively related to stretch width, percentage of

hydrophytes and bare ground, chloride concentration,

and temperature. Hence, the first PCA axis was

related to the variation of sampling sites from

upstream to downstream (Fig. 2), corresponding to

river altitudinal zonation but also increased pollution

downstream (as shown by chloride concentration).

Percentage of bushes and trees, percentage of stones

and rocks, percentage of riffles and oxygen saturation

increased with altitude along the course of the

Tordera stream, whereas stretch width, percentage

of hydrophytes and ground, chloride concentration,

and temperature decreased.

The second dimension of the PCA corresponded to

seasonal variation. In summer, the percentage of

pools and silt were highest, whereas pH and nitrite

concentration were lowest; in spring the situation was

reversed, while autumn had intermediate scores on

the second dimension (Fig. 2).

Fish assemblage in Tordera stream

Eleven species captured in the study area comprised

six native to Catalonia and five exotics (Table 3). The

most abundant species in the Tordera stream, such as

the Mediterranean barbel (Barbus meridionalis Ris-

so), chub (Squalius cephalus L.) and eel (Anguilla

anguilla L.), were native. For the correspondence

analysis, the first two dimensions were considered

because they explained 42% and 21% of the varia-

tion, respectively. The first CA dimension

differentiated the site at highest altitude dominated

by salmonid species (Salmo trutta and Oncorhynchus

mykiss Walbaum) from the rest, usually without

salmonids (Fig. 3). The second dimension displayed

further altitudinal variation in species composition

for the sites without salmonids: Mediterranean barbel

and chub dominated all sampling sites, whereas eel

and some mullets (Mugilidae) were mainly abundant

in the last two downstream sampling sites (Fig. 3). In

addition, exotic species such as common carp (Cyp-

rinus carpio L.), mosquitofish (Gambusia holbrooki

Agassiz), largemouth bass (Micropterus salmoides

Lacépède) and pumpkinseed (Lepomis gibbosus L.)

were also found in downstream sampling sites

(Table 3). Fish abundance increased with stream

order except in the last downstream sampling site,

which had the lowest fish abundance (Fig. 3). Eel

were mainly concentrated in Estació d’Aforament

(site 5) owing to the presence of a man-made physical

barrier that restricted upstream migration.

Fish metrics and biotic indices

Since most of the fish metrics were significantly

correlated (Table 4), a PCA analysis gave a synoptic

view that accounted for most of the variation in fish

metrics (KMO = 0.50). PCA explained 64% of the

variation with two axes (24.1% and 17.9%, respec-

tively) (Fig. 4). If we consider brown trout as native,

percentage of native fish species and percentage of

native fish individuals were negatively correlated

with all richness variables and positively correlated

with biotic indices, particularly QBR (Table 4,

Fig. 4). In contrast, with the brown trout considered

as introduced, percentage of native fish species and

percentage of native fish individuals were not signif-

icantly correlated with any of the richness variables

and were negatively correlated with most of the biotic

indices (Table 4, Fig. 4). Other fish metrics, such as

percentage of fish with anomalies were significantly

correlated with native richness (Table 4).

Similarly, a more comprehensive dataset with

three more Catalan river basins showed that biotic

indices were generally positively correlated

(Table 5), although some correlations with IBICAT

were not significant. Accordingly, two axes of a PCA
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explained 79.1% of the variation (70.6% and 8.5%,

respectively) and showed that IBICAT and IH vs.

ISQA were at two extremes of a gradient of indices

(Fig. 5). Tordera stream was mainly responsible for

these contrasting correlations: it had excellent water

quality according to ISQA (physicochemical index)

but poor according to IBMWP (macroinvertebrate

index), hence displaying the lowest correlation

between these two indices (Fig. 6). Similarly, the

correlation between IBICAT and IBMWP in Tordera

stream was the lowest and not significant (Fig. 6),

because upper reaches had the best ecological status

according to macroinvertebrates but rather the worst

according to fish (owing to the dominance of brown

trout, considered as introduced by IBICAT).

Discussion

Fish assemblage in Tordera stream

In our study, the fish assemblage of the most

upstream sampling site was dominated by salmonids,

whereas the rest of sampling sites were numerically

dominated by Mediterranean barbel and chub. Over-

all, fish richness increased from headwaters to

downstream (Fig. 3) as usual and expected in undis-

turbed systems (Schlosser, 1990; Pires et al., 1999;

Magalhães et al., 2002), but this increase was partly

due to exotic species such as common carp, mosqui-

tofish, largemouth bass and pumpkinseed (Table 3).

These species were mainly concentrated in site 5,

owing to the presence of a small man-made physical

barrier that enhanced the presence of more limno-

philic species such as common carp, largemouth bass

and pumpkinseed.

Fish abundance also increased along the longitudi-

nal gradient, as previously reported in Mediterra-

nean streams (Bravo et al., 2001; Magalhães et al.,

2002), except in the last sampling site where fish

abundance decreased (Fig. 3) because flow became

lower than in upstream sampling sites, particularly

in the very dry summer of 2001. This anomaly of

the last sampling site was at least in part caused by

heavy water abstraction that intensified the drought

periods.

Fish metrics and biotic indices

The relationships among eight water quality and

biotic indices for four Catalan river basins (Table 5,

Fig. 5) indicated that most of them were positively

correlated, particularly macroinvertebrate-based indi-

ces (FBILL, BMWPC, IBMWP, and IASPT), but also

the riparian vegetation index (QBR). The diatom-

based index (IPS) was correlated with FBILL but less

so with QBR; this is probably to be expected since

QBR is rather a hydromorphological index whereas

IPS and FBILL are more related to water quality. The

least correlated indices were IBICAT, IH, and ISQA,

that behaved quite differently, particularly in the

Tordera stream (Fig. 6). For these three indices some

of the correlations were not significant and more

importantly were generally low (explaining only

about 15% of variation). Although the water quality
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index (ISQA) has been routinely used by the Catalan

Government, it is a very simple index that only

considers a few physical and chemical properties of

water. Our results suggest that ISQA is the less

sensitive index, because it does not capture distur-

bances that emerge with the other indices. In

particular, the relationship of IBMWP with ISQA

was particularly poor for Tordera stream (Fig. 6)

probably because this stream is more affected by

water abstraction (relatively low IBMWP values) and

less by organic or inorganic pollution (high ISQA

values). Oberdorff & Hughes (1992) found similar

discrepancies between physico-chemical and biolog-

ical evaluations of water bodies’ quality. Overall, our

results suggest that: (i) although most indices are

correlated, they reflect different quality aspects, (ii)

that ISQA should not be generally used, (iii) that

IBICAT and IH are among the least correlated and

need more evaluation, and (iv) water abstraction, an

important problem in Mediterranean streams, is not

well captured by most indices.

Similarly, IBICAT was the least correlated among

the biotic indices (Table 5, Fig. 5), particularly for

the Tordera stream where it clearly had no relation-

ship with macroinvertebrate indices like IBMWP

(Fig. 6). Although some differences among biotic

indices are to be expected because different taxa

show contrasting responses to different perturbations

(e.g., water abstraction, pollution, habitat alteration)

or environmental gradients (Paavola et al., 2003), we

believe that such a poor correlation for Tordera

stream should not be observed and is related to the

status of brown trout.

The status of brown trout in Tordera basin

The brown trout is considered in IBICAT (Sostoa

et al., 2003; ACA, 2006) as introduced in the Tordera

basin, probably following previous local accounts

(Baucells et al., 1998; Ordeix Rigó et al., 1999).

Whether brown trout is treated as native or intro-

duced to this river basin, has profound effects on the

results of fish metrics because of its dominance in the

upper reaches (Fig. 3). In clear contrast to when trout

is considered as native, percentage of native fish

species and percentage of native fish individuals

(some of the main metrics of IBICAT and other fish

indices) are negatively correlated to other biotic

indices when fish metrics are computed with trout as

introduced (Table 4), thus explaining at least in part

the low correlation of IBICAT with other biotic

indices like IBMWP (Fig. 6).

The basis for considering brown trout as intro-

duced to Tordera basin was: (i) that at present the

Tordera population is genetically very similar to

those of hatchery origin (Aparicio et al., 2005),

which are genetically and morphologically distinct

to native stocks but have been stocked throughout the

Iberian Peninsula to satisfy angling demands

Table 3 Fish species captured in the Tordera stream

Common name Scientific name Family Native to

Catalonia

Mean length

(mm)

Length range

(mm)

n Stretch

presence

Eel Anguilla anguilla Anguillidae Yes 153.7 25–900 490 0, 3–6

Mediterranean barbel Barbus meridionalis Cyprinidae Yes 73.8 22–236 1513 1–6

Chub Squalius cephalus Cyprinidae Yes 101.5 20–360 859 1–6

Common carp Cyprinus carpio Cyprinidae No 245.0 50–600 20 4–5

Mosquitofish Gambusia holbrooki Poeciliidae No 19.8 7–42 63 3, 5–6

Pumpkinseed sunfish Lepomis gibbosus Centrarchidae No 85.0 85 1 5

Largemouth bass Micropterus salmoides Centrarchidae No 120.2 110–130 4 5

Mullet Liza sp. Mugilidae Yes 109.1 66–130 8 5

Brown trout Salmo trutta Salmonidae Yes 139.4 32–300 214 0–4

Rainbow trout Oncorhynchus mykiss Salmonidae No 273.5 250–326 4 0, 3

Minnow Phoxinus phoxinus Cyprinidae Yes 51.1 33–70 34 1, 3

Length is fork length except for eel (total length). Stretch presence reports the sampling sites (see Table 1 for codes) where the

species was detected
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(Aparicio et al., 2005; Almodóvar et al., 2006); and

(ii) it is a low altitude population that was probably

introduced long ago (A. de Sostoa, pers. comm.).

Although the Tordera population had 100% of

individuals of foreign origin according to a single

gene locus, Aparicio et al. (2005) suggest two

possibilities: it might be either a naturalized popula-

tion of hatchery fish or a population where native fish

have been almost completely removed by continuous

introductions. Moreover, we just discovered a record

of trout presence in Tordera stream (Montseny

village) by 1845 (Madoz, 1845) and there is a small

tributary in the basin named ‘‘Riera de les Truites’’

(‘‘trout stream’’ in Catalan), an official toponym

which is probably centuries old. The first salmonid

hatchery in the Iberian Peninsula (Monasterio de

Piedra) was built in 1867 (Lizasoain, 1912) and it was

not until the late nineteenth century that important

trout stockings started (Lizasoain, 1912; Muñoz,

1988); the first documented introduction of brown

trout in the (French) Pyrenean high-mountain lakes is

from ca. 1860, although older introductions are likely

(Miró, 2007). The brown trout (Salmo trutta) is the

most widely distributed freshwater fish native to the

Palearctic region, native across most of Europe,

including the Iberian Peninsula, western Asia and

part of North Africa owing to high dispersal potential

of salmonids through the sea (Bernatchez, 2001). The

Mediterranean populations of brown trout originated

from the Mediterranean Sea region and colonized its

tributaries during the Pleistocene (Bernatchez, 2001;

Cortey et al., 2004). The trout is also native to the

main river basin (Ter river) neighbouring the Tordera

basin (ACA, 2006), which starts flowing in the

Montseny mountains (maximum altitude 1706 m

a.s.l. with 7�C of yearly average temperature, Peñu-

elas & Boada, 2003), at ca. 1100 m of altitude and

only 2 km apart from a Ter tributary. The upper

critical water temperature of trout is 25–26�C

(Klemetsen et al., 2003), well above the summer

maxima of upper reaches of Tordera upstream

(maximum mean temperature is 18.5�C). Introduced

species are a serious environmental problem (Clavero

& Garcı́a-Berthou, 2005), should not be included for

absolute richness metrics according to some authors

(Karr et al., 1986; Scott & Helfman, 2001) and could

be a reliable indicator of poor river health (Kennard

et al., 2005). However, judging whether a species is

native or introduced to a certain region can be

problematic. Paleoecological information is the only

certain evidence of native status and historical

records the only evidence of introduction, whereas

other criteria (e.g. naturalization elsewhere, distribu-

tion type, genetics) are also helpful but less sure

(Pyšek et al., 2004). Since we are not aware of

neither paleoecological information or introduction

records before 1845 in the basin, the trout status in

this basin is uncertain. Genetics points to introduction

or almost complete introgression but biogeography,

historical records, and ecology points to possible

native status in historical times. Given that trout is an
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intolerant species, sensitive to pollution and habitat

degradation, we suggest that it might be safe to treat

it as native in this particular case. At the very least, it

should not be treated as introduced but as uncertain

(i.e. considered not native nor introduced), to com-

pute metrics such as percentage of native species or

of native individuals, unless historical introduction

records are found.

Even if the introduced status of brown trout was

confirmed, how to deal with this fact in fish indices

can be contentious. First, because brown trout is

dominant and often the only species in the upper

stretches, only penalising its presence or abundance

would result in lower values of the index in these

upper reaches, which generally have much better

habitat and water quality than downstream areas (and

thus negative correlation with other biotic indices).

Table 4 Correlation matrix (Spearman’s coefficient below the diagonal and n above) of several fish metrics and water quality and

biotic indices in the Tordera stream

Variables 1 2 3 4 5 6 7 8 9 10 11 12

1 % fish with anomalies 26 26 26 26 26 26 26 26 14 17 5

2 Native richness 0.40* 34 34 33 33 33 33 34 18 22 7

3 Exotic richness 0.34 0.61** 34 33 33 33 33 34 18 22 7

4 Native richnessa 0.28 0.97** 0.60** 33 33 33 33 34 18 22 7

5 % native fish species -0.24 -0.41* -0.96** -0.42* 33 33 33 33 17 21 6

6 % native fish

individuals

-0.10 -0.44** -0.89** -0.44** 0.90** 33 33 33 17 21 6

7 % native fish speciesa -0.38 0.12 -0.32 0.26 0.34 0.34 33 33 17 21 6

8 % native fish

individualsa
-0.25 0.16 -0.32 0.29 0.35* 0.44* 0.93* 33 17 21 6

9 Total fish density 0.30 0.45** 0.31 0.39* -0.19 -0.20 -0.16 -0.15 18 22 7

10 FBILL -0.25 -0.31 -0.30 -0.43 0.34 0.42 -0.23 -0.20 -0.08 16 7

11 IPS -0.40 -0.32 -0.31 -0.37 0.34 0.23 -0.46* -0.41 -0.04 0.72** 7

12 QBR 0.11 0.22 -0.49 0.04 0.83* 0.85* 0.00 0.03 0.43 0.64 0.36

a = with brown trout considered as introduced

*P B 0.05; **P B 0.01
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Fig. 4 Principal component analyses of the fish metrics in

Tordera stream (the two axes respectively explained 41.1% and

22.8%,). �, with brown trout considered as introduced

Table 5 Correlation

matrix (Spearman’s

coefficient below the

diagonal and n above) of

several water quality and

biotic indices in four

Catalan river basins (Besós,

Foix, Llobregat and

Tordera) from 2001 to 2002

(*, P B 0.05; **, P B 0.01)

*P B 0.05; **P B 0.01)

Indices 1 2 3 4 5 6 7 8

1 FBILL 145 145 145 73 56 23 35

2 IBMWP 0.95** 146 146 73 57 23 36

3 IASPT 0.88** 0.90** 146 73 57 23 36

4 QBR 0.76** 0.77** 0.71** 73 57 23 39

5 IH 0.60** 0.61** 0.54** 0.57** 29 11 31

6 ISQA 0.66** 0.58** 0.63** 0.57** 0.39* 22 18

7 BMWPC 0.83** 0.83** 0.80** 0.72** 0.75** 0.79** 4

8 IBICAT 0.73** 0.63** 0.67** 0.63** 0.44* 0.34 0.80
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An acute pollution problem or another severe distur-

bance that killed the trout population would result in

an improvement of the index. Although this might be

adequate if the objective is to measure taxonomic or

genetic integrity, it might not be if the objective is a

more general measure of ecological functioning.

Second, one might also argue that the ecological

impact of such an introduced population of trout is

very old and difficult to ascertain, whereas the ability

of such an intolerant species to sustain a population is

an indicator of good ecosystem health and condition

rather than biological integrity. Moyle & Marchetti

(1999) discuss a similar situation with introduced

salmonids in Californian montane streams. Thus, the

use of the introduced status of trout would depend on

carefully defining what we want to measure with the

fish index. Further problems to be solved are: (i) that

within a river basin, trout might be native to a certain

zone but translocated to other streams in the basin;

(ii) the cases of introgressed populations, formed of

partially native and partially introduced genes; and

(iii) sites heavily stocked for angling purposes.

At the very least we recommend: (i) for headwater

sites (trout zone) or sites with low richness, to assess

metrics based on age or size structure, fish individual

state, or other taxa such as amphibians (Moyle &

Marchetti, 1999) to compensate for the low fish

richness. Otherwise, only considering richness and

compositional (e.g., % intolerant) metrics mostly

evaluates trout abundance and is thus likely to result

in redundant metrics and actually analysing taxo-

nomic composition rather than ecological structure,

which is supposed to be the advantage of multimetric

indices (Karr 1999); (ii) to consider, as in Moyle &

Marchetti (1999), metrics that penalize for the

presence or abundance of introduced fishes (to
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during 2001 to 2002. Linear regression functions for the four

basins are shown
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measure historic biotic integrity) but at the same time

metrics that profit from their indicator value; and (iii)

not to propose the use of fish indices for these zones

of low richness, unless several nonredundant metrics

are identified. The minimum number of metrics

adequate for such an index and its relationship with

the number of species present in the ecosystem

should also be investigated. Miller et al. (1988)

suggest that although an IBI with less than 12 metrics

may work, it may be less responsive to a broad

spectrum of degradation.

The uncertainties with the native status of brown

trout are likely to appear in many other European

river basins and sites. For instance, trout has also

been considered as introduced in another Catalan

river basin (Fluvià) (ACA, 2006; Sostoa et al., 2003)

because of frequent stocking in that river; however,

bone remains of brown trout in Palaeolithic sediments

of a cave (Ermitons) next to a Fluvià tributary have

been previously identified (Juan-Muns, 1982; Est-

évez, 1987). Mediterranean downstream sites are less

likely to be affected because the increasing number of

species downstream will diminish the effects of

incorrect native status on index performance. Our

study exemplifies the need of careful, basin-specific

assessment of native/introduced status in the devel-

opment of fish metrics.
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Escalé, N. Bonada, J. Jubany, M. Miralles, M. Plans & M.

Rieradevall, 2002. La qualitat ecològica del Llobregat, el
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