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a  b  s  t  r  a  c  t

Small  Mediterranean  streams  are  shaped  by  predictable  seasonal  events  of flooding  and  drying  over  an
annual  cycle,  and present  a strong  inter  and  intra-annual  variation  in flow  regime.  Native  fish  assemblages
in these  streams  are  adapted  to  this  natural  environmental  variability.  The  distinction  of  human-induced
disturbances  from  the  natural  ones  is thus  a  crucial  step  before  assessing  the ecological  status  of  these
streams.  In  this  aim,  the  present  study  evaluates  the effects  of natural  hydrological  variability  on fish
assemblages  from  disturbed  and  least  disturbed  sites  in  small  intermittent  streams  of south  Portugal.
Data  were  collected  over the  last  two  decades  (1996–2011)  in  14  sites  located  in  the  Guadiana  and  Sado
river  basins.  High  variability  of  fish assemblages  was  strongly  dependent  on  human-induced  distur-
bances,  particularly  nutrient/organic  load  and sediment  load,  and  on natural  hydrological  variability.
Natural  hydrological  variability  can  act  jointly  with  anthropogenic  disturbances,  producing  changes
on  fish  assemblages  structure  of  small  intermittent  streams.  In  least  disturbed  sites,  despite the  nat-
ural  disturbances  caused  by inter-annual  rainfall  variations  (including  drought  and  flood events),  fish
assemblages  maintained  a long-term  stability  and  revealed  a high  resilience.  On  the  contrary,  disturbed
sites  presented  significantly  higher  variability  on  fish  assemblages  and a short  and  long-term  instabil-
ity,  reflecting  a decrease  on  the resistance  and  resilience  of fish  assemblages.  Under  these  conditions,
fish  fauna  integrity  is particularly  vulnerable  and  the  ecological  assessment  may  be influenced  by  natural
hydrological  variations.  High  hydrological  variability  (especially  if it entails  high  frequency  of  dryer  years
and meaningful  cumulative  water  deficit)  may  affect  the  impact  of  the  human  pressures  with  significant
and  consistent  consequences  on  fish  assemblage  composition  and  integrity.  In this  study,  fish  metrics
that  maximize  the  detection  of  human  degradation  and  minimize  the  response  to  natural  variability
were  based  on the  relative  abundance  of  native  species  (insectivorous  species,  eurytopic  species,  water
column  species,  native  lithophilic  species),  relative  abundance  of species  with  intermediate  tolerance
and  relative  number  of exotic  species.  Results  highlight  the  importance  of  assessing  temporal  variability
on  stream  biomonitoring  programs  and emphasize  the  need  to improve  the  assessment  tools,  account-
ing for  long-term  changes  in fish  assemblages,  namely  by selecting  the  most  appropriate  fish  metrics
that  respond  to anthropogenic  disturbances  but  exhibit  low  natural  temporal  variability,  essential  both
in the  characterization  of  the biological  reference  conditions  and  in  the  development  of  fish  indexes  in
intermittent  streams.

©  2012  Published  by  Elsevier  Ltd.

1. Introduction

Mediterranean streams and their endemic fish fauna are
amongst the most threatened ecosystems and biota worldwide
(Smith and Darwall, 2006; Hermoso and Clavero, 2011). The

∗ Corresponding author at: Departamento de Paisagem, Ambiente e Ordenamento,
Escola de Ciências e Tecnologia, Universidade de Évora, Rua Romão Ramalho 59,
7000-671 Évora, Portugal. Tel.: +351 266745338; fax: +351 266745395.

E-mail address: pmatono@uevora.pt (P. Matono).

Mediterranean region is one of the areas in the world where land-
scapes have most experienced a simultaneous burst of human
activities, such as intensive irrigated agriculture, extensive sin-
gle cropping, tourism and urbanization. The southern regions (e.g.
Portugal and Spain) are particularly vulnerable because of increas-
ing water demands (Gasith and Resh, 1999; Laraus, 2004) and land
use changes (e.g. Laraus, 2004; Peña et al., 2007; Symeonakis et al.,
2007). In Portugal, besides water quality (e.g. organic and nutrients
inputs) and morphological human induced pressures, the hydro-
logical disturbance caused by large impoundments, like Alqueva
reservoir in the Guadiana catchment, have considerable impacts
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on the native biota, namely fish fauna (Santos et al., 2004; Morais,
2008). Flow regulation and other modifications of flow regime and
runoff decrease caused by damming and water abstraction are well
known human induced hydrological pressures with major con-
sequences in fish species abundance, structure and integrity (e.g.
Gorman and Karr, 1978; Orth and Maughan, 1982; Freeman et al.,
2001; Murchie et al., 2008; Benejam et al., 2009). Conversely, nat-
ural flow regimes are vital to the maintenance of a healthy biota in
many river ecosystems (e.g. Poff et al., 1997; Lytle and Poff, 2004;
Arthington et al., 2006).

Most rivers in Portugal are strongly influenced by the Mediter-
ranean climate and the hydrological regime is strongly affected
by precipitation both at intra and inter-annual scales. As a conse-
quence, especially in southern regions, many rivers are temporary,
exhibiting reduced or zero flow during the dry season. This inter-
mittent character strongly shapes the environmental context to
which the biota is subjected. The particular characteristics of the
Mediterranean climate are also reflected in the irregular and unpre-
dictable annual variation of river discharge. Many lowland Iberian
and southern European rivers have huge inter and intra annual flow
variations caused by irregular precipitation and frequent events of
low flows related to dry periods.

High flows have been regarded as important natural processes
maintaining a certain community structure and function in river
systems (Cummins and Spengler, 1978; Resh et al., 1988). Many
studies reported that an increase in stream flow lead to an increase
in fish density and fish assemblage diversity (Pegg and Pierce,
2002; Aarts et al., 2004; Xenopoulos and Lodge, 2006). On the
contrary, low flow conditions represent an important negative
impact on fish assemblage structure (e.g. Gehrke et al., 1999; Pegg
and Pierce, 2002; Sagawa et al., 2007) and some studies reported
that reductions in flow result in impoverished fish assemblages
often dominated by introduced species (Gehrke and Harris, 2001;
Bernardo et al., 2003).

Small Mediterranean intermittent streams are particularly
affected by hydrological variability, as available habitats, and their
suitability to different life history stages, may  fluctuate dramati-
cally. Consequently, fish assemblages tend to present high temporal
variability (Magalhães et al., 2002a; Bernardo et al., 2003; Clavero
et al., 2005; Mesquita et al., 2006). Moreover, fish fauna exhibit rel-
atively high resistance to harsh environmental conditions as these
species evolved in a changeable and sometimes extreme environ-
ment (Almaç a, 1995). Thus, fish assemblages may  be resilient in
the short-term to human pressure, whose influence can easily be
misinterpreted, but eventually quite vulnerable on the long run
to continuous and cumulative human-induced changes (Matthews
and Marsh-Matthews, 2003).

The assessment of the ecological integrity in water bodies is a
central issue to water policies and to nature conservation in general.
In Europe, the implementation of the Water Framework Directive
(WFD) (European Commission, 2000) requires the evaluation of
ecological integrity of aquatic systems using biota. Accordingly, all
Member States have to develop or adopt suitable biotic indexes
and demonstrate they respond to human disturbances, i.e. to pres-
sures, in an effective way. To attain this goal, it is important to
discriminate between the effects of natural vs. human-induced
environmental variability (Oberdorff et al., 2002; Pont et al., 2006).

In the context of Mediterranean rivers, a relevant issue is
whether or not the natural environmental disturbance, particularly
the hydrological one, can cause an undesirable bias, decreasing the
ecological assessment accuracy in small Mediterranean streams.
The crucial question is then Does the natural hydrological variabil-
ity affect fish assemblages response to human pressure leading to less
accurate assessment of the ecological status?

This paper presents data from least disturbed and disturbed
sites during several years, evaluating the effects of hydrological
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Fig. 1. Time series of total annual rainfall, cumulative rainfall surplus and deficit
(deviations from the long-term average rainfall) between the hydrologic years of
1960/61 and 2010/11 for a gauging station located in Degebe river (Guadiana basin).
This  pattern is roughly representative of the general rainfall pattern observed in all
the gauging stations used, although absolute values may  differ.

variability on fish assemblages structure and discussing its possi-
ble implications on streams ecological assessment. Specifically, the
main objectives are: (i) to compare the effect of natural hydrologi-
cal variability on fish assemblages in disturbed and least disturbed
sites; (ii) to evaluate the relationship between hydrological vari-
ability and the impact of human-induced pressures; (iii) to identify
fish metrics that maximize the detection of human induced degra-
dation and minimize the response to natural variability.

2. Methods

2.1. Study area

Study sites were located in Guadiana and Sado river basins, two
of the main rivers in the South of Portugal. This region is character-
ized by a Mediterranean climate, presenting high susceptibility to
drought events (e.g. Pereira et al., 2006). The precipitation regime
is highly irregular in the spatial and temporal domains, namely
regarding the amount and distribution of rainfall (Daveau, 1977).
Flow is strongly dependent on the seasonal distribution of rain,
mainly concentrated in October–March. The hydrological regimes
of sampled sites are very variable, with severe droughts and floods.
These small streams are particularly affected during the summer
dry season (June–September), when they are completely dry or
reduced to isolated pools (in this case, over 50% of the streambed
may  dry up). Based on the existing hydrologic records for the South
of Portugal, the inter-annual variation of discharge reaches a ratio
of approximately 100–1 (ARHA, 2011).

During the last decades, severe drought events with a return
period of 25–50 years occurred in 1994/95, 2004/05 and 2008/09
(Fig. 1). Other droughts were registered in 1991/92, 1992/93,
1998/99 and 2003/04, all with a return period of 10–25 years.
Important events with above the average rainfall occurred in
1995/96–1997/98 and 2000/01. Over the last 50-year records,
frequency and intensity of wetter and dryer periods (deviations
from the long-term average rainfall) were quite similar. How-
ever, the duration of dry events was  clearly higher, resulting
in extended drought periods (cumulative deficit) (e.g. 1983/84,
1994/95, 2008/09). Therefore, in this study, sampling period
(1996–2011) encompassed a wide range of hydrological conditions.

Owing to the relatively low mean annual precipitation (Fig. 1)
and the constant increase on water demand for public supply and
agriculture, numerous impoundments were built in this southern
region: 67 in Sado catchment and 1643 in Guadiana catchment
(ARHA, 2011). Other human impacts on rivers are mainly agri-
culture diffuse pollution and organic loading, channelization, sand
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Fig. 2. Location of sampling sites in small southern Portuguese streams form Gua-
diana and Sado river basins: 1 – Cbx, 2 – Alg, 3 – Mos, 4 – Asm, 5 – Gar, 6 – Fqm, 7 –
Sdg, 8 – Azb, 9 – Pec, 10 – Ami, 11 – Val, 12 – Saf, 13 – Mtg, 14 – Vas.

extraction and water abstraction. All these factors have been
responsible for major changes in aquatic ecosystems, threatening
the native fish fauna.

Fish assemblages generally present low species richness and
include many endemic species with high conservation status, par-
ticularly in Guadiana river (Cabral et al., 2005). In this basin, the
most abundant and frequent species is roach (Squalius alburnoides
Steindachner), followed by barbel species (Barbus microcephalus
Almaç a, Barbus comizo Steindachner, Barbus steindachneri Almaç a)
and Guadiana nase (Pseudochondrostoma willkommii Steindachner),
all endemic species.

The Sado river basin is comparatively poorer, presenting high
abundance of non-native species, namely pumpkinseed (Lepomis
gibbosus L.). The most significant endemic species are roach (S.
alburnoides), common barbel (Barbus bocagei Steindachner), Iberian
nase (Pseudochondrostoma polylepis Steindachner) and Portuguese
nase (Iberochondrostoma lusitanicum Collares-Pereira).

2.2. Sampling

Data were collected in 14 least disturbed and disturbed sites
located in southern Portuguese small intermittent streams (Fig. 2).
Sites were sampled over a 4–11 years period between 1996 and
2011, though not always in consecutive years. Site selection cri-
teria privileged the availability of long-term data for each site, in
order to allow significant temporal analysis. Only one site (Val) was
located in the Sado river basin, being all the other sites located in
the Guadiana river basin.

Sampling took place in early spring, following the protocol
developed and adopted by the Portuguese Water Agency (INAG)

for Portuguese rivers (INAG, 2008) under the implementation of
the WFD, following also CEN protocol (CEN, 2003). Surveys were
carried out always in flowing water conditions, immediately after
the floods and previously to the strong reduction of flow dur-
ing the summer period, in order to ensure high habitat diversity
in the streams. At each site/year one stream section was sam-
pled, encompassing all the existing physically homogeneous units
(mesohabitats) – pool, run and riffle. The length of the sampled
section was defined as 20 times the mean width of the stream,
with a maximum of 150 m long. Fish were collected using back-
pack battery-powered electrofishing equipment (IG 200/2B, PDC
Hans-Grassl GmbH, Schönau am Königssee, Germany), wading in
shallow reaches (<1.2 m)  or from a boat in deeper areas. Captured
fishes were identified to the species level, measured and returned
alive to the stream. The sampling method was maintained along the
study sites/years, although the official protocols were only pub-
lished in recent years. Indeed, the protocol developed under the
WFD  (INAG, 2008) incorporated exactly these sampling procedures
and CEN (CEN, 2003).

Regional variables were obtained from digital cartography with
free Internet access and included altitude of the site (m), drainage
area of the basin upstream of the site (km2) and distance from
source (km). Local variables were assessed during the field sam-
pling procedure: water temperature (◦C), conductivity (�S/cm),
pH, dissolved oxygen (mg/L), mean water depth (m), mean current
velocity (m/s) and dominant substrate class (adapted from Went-
worth scale (Giller and Malmqvist, 1998): 1 – mud  and sand; 2 –
gravel; 3 – pebble; 4 – cobble; 5 – boulders; 6 – boulders larger
than 50 cm).

In each sampling, human disturbance level was evaluated using
10 semi-quantitative variables (formerly developed within the EU-
project FAME (2004), available at http://fame.boku.ac.at): land use,
urban area, riparian vegetation, longitudinal connectivity of the
river segment, sediment load, hydrological regime, morphological
condition, presence of artificial lentic water bodies, toxicity and
acidification levels, and nutrient/organic load. Each variable was
scored from 1 (minimum disturbance) to 5 (maximum disturbance)
(Table 1) and the sum of these scores represented the total human
pressure in each site. Sites with scores 1 and/or 2 and only one
variable with a 3 were considered least disturbed.

Several additional physicochemical parameters complemented
and supported the evaluation of human-induced disturbance in
each site (mainly organic/nutrient enrichment – Table 1) after
laboratory measurements and analyses according to the Stan-
dard Methods for the Examination of Water and Wastewater
(Clesceri et al., 1998): five day biological oxygen demand – BOD5
(mg/L), chemical oxygen demand – COD (mg/L), phosphate –
P2O5 (mg/L), total dissolved phosphorous – P (mg/L), nitrite –
NO2

− (mg/L), nitrate – NO3
− (mg/L), ammonium – NH4

+ (mg/L)
and total dissolved nitrogen – N (mg/L). These parameters also
reflect the water quality of the sampled sites, as their values
interpretation was based on the water features for multiple uses,
according to the Portuguese Water Agency guidelines (available
at http://snirh.pt/snirh/ dadossintese/qualidadeanuario/boletim/
tabela classes.php).

For samples prior to 2004, the human pressure variables were
scored using all the information exhaustively gathered during sam-
pling in all the sites (e.g. field records, photos, physicochemical
parameters), and also from digital cartography and online infor-
mation (e.g. SNIRH,  available at http://snirh.pt).

2.3. Data analysis

In order to evaluate hydrological variability of sites, records from
eleven gauging stations, geographically close to the sampling sites,
were used (SNIRH, available at http://snirh.pt/). Rainfall was  used
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Table 1
Description, assessment scale and methods, and scoring criteria of the 10 variables used to evaluate the level of anthropogenic disturbance in sampled sites.

Variables Description Assessment scale Score Criteria Methods

Land use Impact of farming/forestry
practices

River segment 5 >40% agricultural use (intensive agriculture),
very severe impact (rice field)

Local expert assessment
complemented with Corine
Land Cover (2000, 2006)a4 >40% strong impact (area with strong forestry,

including clearcuts)
3 <40% moderate impact (subsistence gardens,

pastures)
2 <40% small impact (cork and holm oaks,

high-growth forest)
1 <10% no significant impacts (natural forest and

bush)
Land cover and bankface
characterization

Local 5 Irrigated crops and/or high stocking
4  Horticultural crops, semi-intensive grazing
3  Extensive cultures (e.g. pastures, cereal crops,

pine, eucalyptus), extensive grazing
2 Cork and holm oaks
1 Natural

Urban area Impact of urban areas River segment 5 Very severe (location near a city with basic
sanitation needs)

Local expert assessment
complemented with Corine
Land Cover (2000, 2006)a4 Town

3 Village
2 Hamlet
1 Negligible (isolated dwellings)

Riparian
vegetation

Deviation from the natural
state of the riparian zone

River segment 5 Lack of riparian shrubs and trees (only the
presence of annual plants)

Local expert assessment

4 Fragmented vegetation with bushes and/or the
presence of reed

3  Second replacement step (dominance of dense
brushwood)

2 First replacement step (presence of shrub or
tree strata with some level of preservation)

1 Potential vegetation (presence of shrub and
tree strata according to the geo-series)

Morphological
condition

Deviation from the natural
state of the stream bed and
banks

Local 5 Transverse and longitudinal profile of the
channel completely changed, with very few
habitats

Local expert assessment

4  Channelized sector, missing most of the
natural habitats

3  Channelized sector, missing some types of
natural habitats, but maintaining much of the
shape of the natural channel

2  Poorly changed sector, close to the natural
mosaic of habitats.

1 Morphological changes absent or negligible

Sediment load Deviation from the natural
sediment load (both carried in
the water column and
deposited on the riverbed)

River segment
and local

5 >75% of coarse particles of the stream bed are
covered with fine sediments (sand, silt, clay)

Local expert assessment

4  50–75% of coarse particles of the stream bed
are  covered with fine sediments (sand, silt,
clay)

3 25–50% of coarse particles of the stream bed
are  covered with fine sediments (sand, silt,
clay)

2 5–25% of coarse particles of the bed are
covered with fine sediments (sand, silt, clay)

1  <5% of coarse particles of the stream bed are
covered with fine sediments (sand, silt, clay)

Hydrological
regime

Deviation from the natural
hydrological regime (flow
pattern and/or quantity).
Includes all sources of
hydrologic alteration, such as
significant water abstraction

Local 5 <50% and strong deviation from the natural
variability of the flow regime

Local expert assessment
complemented with SNIRH

4  <50% and moderate deviation from the natural
variability of the flow regime

3 >50% and duration of flood periods close to the
natural

2  >75% and duration of flood periods close to the
natural

1  >90% and normal duration of natural flood
periods

Local 5 <10% of mean annual discharge
4 <15% of mean annual discharge
3 >15% of mean annual discharge
2 >30% of mean annual discharge
1 >90% of mean annual discharge

Toxic and
acidification
levels

Deviation from the natural
state of toxicity conditions,
including acidification and
oxygen levels

Local 5 Constant for long periods (months) or frequent
occurrence of strong deviations from natural
conditions (e.g. pH < 5.0, DO < 30%)

Local expert assessment
complemented with SNIRH
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Table  1 (Continued)

Variables Description Assessment scale Score Criteria Methods

4 Constant for long periods (months) or frequent
occurrence of strong deviations from natural
conditions (e.g. pH < 5.5, DO < 30–50%)

3 Occasional deviations (single measurements or
episodic) in relation to natural conditions (e.g.
pH < 5.5, DO < 30–50%)

2 Occasional deviations (single measurements or
episodic) in relation to natural conditions (e.g.
pH < 6.0)

1 Conditions within the normal range of
variation

Organic and
nutrient loads

Deviation from the normal
values of BOD, COD,
ammonium, nitrate and
phosphate concentrations

Local 5 >20% of values in classes D or E SNIRH (classification of water
quality for multiple uses,
according to the guidelines
from the Water National
Instituteb), complemented
with local expert assessment

4  >10% of values in classes D or E
3 >10% of values in class C
2 No obvious or too small signs of eutrophication

and organic loading
1  No signs of eutrophication and organic loading

Artificial lentic
water bodies

Impact related to the presence
of artificial lentic water bodies
upstream and/or downstream
of the site (upstream change in
thermal and flow regimes;
downstream invasion by exotic
species of lentic character)

Local 5 Local immediately downstream of a large
reservoir or within the influence area of its
backwater

SNIRH and available
cartography

4  Local immediately downstream of a
mini-hydro or within the influence area of its
backwater

3  Local downstream of a reservoir or within the
influence area of the reservoir

2 Local downstream of a mini-hydro or within
the influence area of its backwater

1  No influence of reservoirs

Connectivity Impact of artificial barriers to
fish migration

River basin and
segment

5 Permanent artificial barrier SNIRH, available cartography,
documental data and local
expert assessment

4  Occasional passage of some species
3  Passage of certain species or only in certain

years
2 Passage of most species in most years
1  No barriers or existence of an effective

pass-through device

a Caetano et al. (2009).
b Information available at http://snirh.pt/snirh/ dadossintese/qualidadeanuario/boletim/tabela classes.php.

instead of flow data because there were few gauging stations with
long time series. Furthermore, as in small intermittent streams flow
is more dependent on rainfall patterns than in any other streams,
the use of rainfall data ensures a correct assessment of hydrological
variability. Missing periods of records were filled using predictions
of regression models. This procedure involved developing a linear
equation to predict monthly rainfall for the missing period from
nearby stations.

Using data from meteorological stations, and in situ measure-
ments several variables were derived: mean total annual rainfall,
coefficient of variation (CV − standard deviation/mean × 100) of
total annual rainfall, relative frequency of dryer and wetter years,
mean cumulative rainfall surplus and deficit, CV of mean water
depth, CV of mean current velocity and CV of dominant substrate
class. Variability of water depth, current velocity and dominant sub-
strate were used as a measure of habitat modifications following
hydrological disturbances, as these variables have already shown
ecological relevance in fish assemblages patterns and distribution
in most of the sampled streams (Ilhéu, 2004). Dryer and wetter
years were identified based on annual rainfall deviations from the
long-term average value (50-year records). Cumulative rainfall sur-
plus and deficit were calculated using the theory of runs (Yevjevich,
1967). A run is defined as a portion of a time series of variable xi, in
which all values are either below or above a chosen critical level,
yc. Considering a discrete time series, x1, x2, . . .,  xt, . . .,  xn, a neg-
ative run occurs when xt is less than yc consecutively, during one
or more time intervals. Negative runs in rainfall time series are
related to drought characteristics and the difference between yc

and xt is referred as deficit. Accordingly, positive runs are referred
to as rainfall surplus. Cumulative values were then calculated as

the run-sums of consecutive negative (deficit) or positive (surplus)
deviations from the long-term average rainfall, with changes in the
signal of deviations reset to zero. These cumulative values were
standardized by the total annual rainfall in each site, to allow com-
parisons between sites.

Individual human pressure variables and total pressure were
averaged for each site. The increase in human pressure along the
study period was also quantified for each site, calculating the dif-
ference in total pressure between the first and the last sampling
occasions. According to the increase in human disturbance level,
some sites changed their classification from least disturbed to dis-
turbed during the study period. In these cases, sites were analysed
according to their classification, depending on the sampling occa-
sion.

Fish captures were standardized to an area of 100 m2 in all
samples and expressed as density (number of fish/100 m2). The
study period was long enough to encompass at least one mean
generation time for all the species captured, thus allowing mean-
ingful judgments concerning patterns of fish assemblage variability
(Grossman et al., 1990).

Different approaches were used to access variability in fish
assemblages composition over time:

(i) Assemblage persistence (P) describes the repeated extinction
and immigration of populations in ecological assemblages
(Oberdorff et al., 2001) and was  quantified as (P = 1 − T) where
T is the species turnover rate. Following Eby et al. (2003),
Magalhães et al. (2007) and Oberdorff et al. (2001),  turnover
rate was defined as T = (C + E)/(S1 + S2), where C and E are the
number of species that colonized or were extirpated between
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two sampling occasions and S1 and S2 are the number of species
present in each occasion. T ranges from 0 (no turnover) to 1
(complete turnover), so persistence ranges from 0 (no persis-
tence) to 1 (complete persistence). For each site, sequential P
values along the sampled years were averaged.

(ii) Stability of fish assemblages composition considering species
relative abundance was quantified with Bray–Curtis similarity
coefficient (Clarke and Warwick, 1994) between each possi-
ble pair of sampled years in each site. Mean similarity was
subsequently calculated for each site.

(iii) Nonmetric Multidimensional Scaling (MDS) (Clarke and
Warwick, 1994) of samples, based on the Bray–Curtis similar-
ity matrices calculated in (ii) for each site with the temporal
trajectory overlaid. The displacement pattern of points in the
plots allowed identifying changes in fish assemblages along
the years (Clarke and Warwick, 1994). Fish assemblages could
show changes followed by a return to an earlier state (indicat-
ing a cyclic pattern of variability with no long-term directional
shift) or progressive displacements further away from the orig-
inal position (indicating a directional shift in composition).

(iv) Time lag regression analysis (see Collins, 2000; Eby et al.,
2003; Magalhães et al., 2007) complemented the MDS  and
was used to examine whether fish assemblages were under-
going a long-term directional change (linear regression). The
method involves the calculation of the Euclidean Distance
(ED) between each possible pair of annual samples. Regression
models where then conducted between ED and the square root
of the time lag separating the samples. The square root trans-
formation reduces possible bias in the analysis resulting from
few data points at larger time lags.

Possible changes in ecological integrity of fish assemblages
along the study period in each site were evaluated through
variability in structural and functional features of fish assem-
blages. These community attributes, or fish metrics, included fish
density, species richness and diversity (Shannon–Wiener Index),
relative abundance of non-native, potamodromous and long lived
species and functional guilds related to habitat (relative abundance
of rheophilic, limnophilic, eurytopic, benthic and water column
species), breeding (relative abundance of lithophilic and phy-
tophilic species), feeding (relative abundance of omnivorous and
insectivorous species) and tolerance (relative abundance of intoler-
ant, tolerant and intermediate tolerance species) to which captured
species were assigned according to published literature (FAME,
2004; Ilhéu, 2004; Cabral et al., 2005; Holzer, 2008; Magalhães et al.,
2008) and expert judgment based on the available knowledge.

A total of 117 metrics was initially considered for analysis,
expressed in abundance and number of species, in relative and
absolute terms and calculated for total fish assemblages and for
native species assemblages. Individual fish metrics were then
screened for natural variability by calculating their CV in least dis-
turbed and disturbed sites, and for their response to anthropogenic
disturbances using Spearman rank correlation coefficient (|r| ≥ 0.5;
P < 0.05) between fish metrics and human pressure variables.
Mann–Whitney test was used to detect significant differences in
fish metrics CVs between least disturbed and disturbed sites (Siegel
and Castellan, 1988). Only non-redundant metrics, presenting sig-
nificantly low natural variability (CV < 50%) (Grossman et al., 1990)
under least disturbed conditions over time compared to disturbed
sites, and significant responses to human pressure variables were
selected. As for assemblages composition, variability in fish metrics
was quantified with Bray–Curtis similarity coefficients for each site.

Relationships between fish assemblages variability, human
disturbances and hydrological variability were assessed with
Spearman rank correlation coefficient (|r| ≥ 0.5; P < 0.05) and using
Redundancy Analysis (RDA) (Jongman et al., 1987). The model

was tested with Monte Carlo test (999 permutations). Correlations
larger than |0.4| were used in gradients interpretation. To account
for multicollinearity, variables were maintained in the models only
if their addition did not cause any Variation Inflation Factor (VIF)
exceeding 3. A linear ordination method was selected as a prelim-
inary Detrended Correspondence Analysis has shown a gradient
length smaller than 3SD (ter Braak and Smilauer, 1998). The pos-
sible influence of species richness, total fish density and landscape
gradients in fish assemblages variability was  taken into account in
these analyses.

For sequential Spearman rank correlations and Mann–Whitney
tests the obtained P-values were adjusted using the Bonferroni cor-
rection (see Wright, 1992) and the significance level was set at
0.05.

All data were either log(x + 1) (linear measurements) or arc-
sin[sqrt(x)] (percentages) transformed (Legendre and Legendre,
1998) before calculating Bray–Curtis similarities and performing
MDS, Spearman rank correlations and RDA. Statistical analyses
were performed using the software Statistica 6.0 (StatSoft Inc.,
2001), Primer 6.0 (Clarke and Gorley, 2006) and Canoco 4.5 (ter
Braak and Smilauer, 2002).

3. Results

3.1. Environmental and anthropogenic characterization of sites

Sampled streams are representative of small southern Por-
tuguese streams, showing a strong intermittent character. Table 2
summarizes the environmental and anthropogenic characteriza-
tion of sampled sites considering the period and years of sampling.

Drainage area of streams ranged between 10.2 km2 and
192.9 km2. Alg, Asm, Cbx, Fqm, Gar and Mos, with drainage areas
lower than 60 km2, represented the smallest streams. Mtg, Ami,
Pec, Saf and Vas have drainage areas around 100 km2. Finally,
Azb, Sdg and Val presented the larger drainage areas, with values
between 150 km2 and 200 km2. Distance from source was highly
correlated with drainage area and was therefore excluded from
the analyses. As expected, altitude of sites showed a negative rela-
tion with drainage area (r = −0.74; P < 0.01), with Alg, Cbx and Mos
located in the highest altitudes, followed by Asm and Vas. Lowest
altitudes were registered for Saf and Val.

Considering the hydrological variables, annual rainfall was
strongly correlated with altitude (r = 0.71; adj P < 0.01), with partic-
ularly high values occurring in Alg and Cbx (higher than 900 mm).
Asm and Vas showed slightly lower values (around 700 and
800 mm)  and Saf registered the lowest annual rainfall. In all
the other sites values ranged somewhere between 500 mm and
600 mm rainfall. Cumulative rainfall surplus was also correlated
with altitude (r = 0.64; adj P < 0.05) and cumulative rainfall deficit
was related to the relative frequency of dryer years (r = 0.79; adj
P < 0.01) and wetter years (r = −0.79; adj P < 0.01) and maximum
values were observed in Cbx, Fqm, Sdg and Vas. Overall hydrolog-
ical variability, i.e. CV of annual rainfall was highest in Gar (>50%),
followed by Fqm, Mos, Azb, Pec, Sdg and Val (between 30% and
50%). The lowest hydrological variability was  observed in Mtg and
Vas (<20%).

Regarding local variables, current velocity showed high variabil-
ity in general and water depth presented a moderate variability
in most sites. Sites with thinner substrate tended to show higher
substrate variability over time (e.g. Azb and Ami) than sites with
coarser substrate (e.g. Val and Vas).

During the sampling years, almost all sites registered an increase
in human pressure, except Val. Accordingly, most of the least dis-
turbed sites have changed their abiotic classification along the
years (Asm, Fqm, Mtg, Ami, Azb). All these sites suffered a marked
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increase in human pressure and two  even became some of the most
disturbed ones (Azb and Fqm). Only Alg, Cbx, Mos  and Vas remained
least disturbed. As these sites are located at high altitudes, a neg-
ative correlation between total pressure and altitude of sites was
observed (r = −0.5; adj P < 0.05). On the contrary, Gar, Pec, Sdg and
Saf were always subjected to meaningful anthropogenic distur-
bances, which continued to increase along the years, especially in
Gar.

Total human pressure and its increase were mainly due to
land use/land use changes (r = 0.78; adj P < 0.01), namely through-
out agriculture and livestock intensification in the last years,
degradation of riparian vegetation (r = 0.94; adj P < 0.001), nutri-
ent/organic input (r = 0.74; adj P < 0.05) and sediment load (r = 0.85;
adj P < 0.001). Considering that these variables were all signifi-
cantly intercorrelated (r > 0.5; adj P < 0.01), riparian degradation
may  occur independently or as a consequence of land use practices,
leading all together to increases in nutrient/organic input and sed-
iment loads in sampled streams. The remaining pressure variables
were fairly stable and ranged mostly between high (score 1) and
good (score 2) condition.

3.2. Composition, persistence and stability of fish assemblages

Eleven native species and eight non-native species were cap-
tured during the study (Table 3). S. alburnoides was the most
abundant and frequent species in most of the sites. Squalius pyre-
naicus was  particularly abundant and frequent in Alg, Cbx and Vas.
Iberochondrostoma lemmingii and Cobitis paludica tended to occur
in sites with finer substrate, especially in Fqm, Gar and Saf, which
were also some of the most human disturbed sites. Nevertheless,
C. paludica also occurred with high relative abundance in Asm,
Mos  and Vas. Barbels were all widespread species, though higher
abundances and frequencies of occurrence were observed for B.
microcephalus and juvenile individuals (Barbus spp.). B. bocagei only
occurred in Val, the only site sampled in the Sado river basin, due
to different and restricted distribution areas of barbel species. P.
willkommii showed higher occurrence and abundance in Mos, Ami
and Cbx. The occurrence of Anaecypris hispanica, a small endemic
and endangered species was reduced to three sites and only showed
meaningful values in Asm. Overall, fish assemblages were dom-
inated by native species in the least disturbed sites. Non-native
species were mainly present in human disturbed sites, particularly
in Gar, Pec, Sdg, Saf and Val, where they represented a large per-
centage of the total fish species or even dominated the assemblages.
Non-natives were mostly represented by L. gibbosus and Gambusia
holbrooki.

Total number of fish species within sites ranged from 2 to 9,
with lower mean values occurring in Alg and Val. In the remain-
ing sites, mean species richness was  very similar. As such, this
metric was  fairly stable along the years in least disturbed sites
(mean CV = 21.8%) and moderately stable in disturbed ones (mean
CV = 40.4%). Fish density showed high variability amongst sampled
sites (mean CV between 61% and 188%) with no significant dif-
ferences between disturbed and least disturbed sites (adj P > 0.05)
(Table 4).

Persistence and stability of fish assemblages composition fol-
lowed a similar pattern in sampled sites (r = 0.57; P < 0.05), yet
persistence values were less variable than stability between sites.
Persistence registered the highest values in Alg, Vas and Cbx, and
the lowest in Fqm and Mtg. Assemblage stability was highest in
Alg and Cbx, and lowest in Fqm and Pec. Neither persistence nor
variability in fish assemblages composition revealed significant
correlations (adj P > 0.05) with species richness or with total fish
density (Table 4).

Multidimensional Scaling and time lag regression analysis pro-
vided complementary results, showing different trends in fish
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Table 3
List of captured species (scientific and common names), occurrence type (End Ib – Iberian endemism; End Bas – Basin endemism) in Guadiana and/or Sado river basins and
respective frequency of occurrence.

Species Common name Occurrence

Type Guadiana basin Sado basin Frequency

Anaecypris hispanica Spanish Minnow Carp End Bas x 0.05
Barbus spp. (juveniles) juvenile Barbels End Ib x 0.52
Barbus bocagei Common Barbel End Ib x 0.05
Barbus steindachneri Steindachner Barbel End Ib x 0.12
Barbus comizo Iberian Gudgeon End Ib x 0.17
Barbus sclateri South Barbel End Ib x 0.02
Barbus microcephalus Small-head Barbel End Bas x 0.52
Squalius pyrenaicus Iberian Chub End Ib x x 0.51
Squalius alburnoides Roach End Ib x x 0.86
Pseudochondrostoma willkommii Guadiana Nase End Ib x 0.38
Iberochondrostoma lemmingii Arched-mouth Nase End Ib x 0.41
Cobitis paludica South Stone Loach End Ib x x 0.58
Lepomis gibbosus Pumpkinseed Nnat x x 0.57
Cyprinus carpio Common Carp Nnat x x 0.11
Carassius auratus Goldfish Nnat x x 0.01
Micropterus salmoides Largemouth Bass Nnat x x 0.08
Herichtys facetum Chamaleon Cichlid Nnat x x 0.01
Ameiurus melas Black Bullhead Nnat x x 0.02
Alburnus alburnus Bleak Nnat x x 0.08
Gambusia holbrooki Mosquitofish Nnat x x 0.32

Table 4
Species richness (mean; min-max), fish density (ind/100 m2) (mean ± SD), assemblage persistence (P) and stability (mean Bray–Curtis similarity coefficient) in each site.

Sites Species richness
(mean (min–max))

Fish density (ind/100 m2)
(mean ± SD)

Assemblage
persistence (P)

Assemblage stability
(mean similarity)

Alg 2 68.85 ± 129.45 1 93.4
Asm  6 (3–9) 100.78 ± 96.05 0.75 66.00
Cbx  4.8 (3–6) 129.20 ± 100.97 0.80 81.40
Fqm 4.6 (1–7) 16.84 ± 13.95 0.44 60.00
Gar  5.1 (4–7) 60.36 ± 50.99 0.83 71.00
Mos 4.7 (3–6) 87.34 ± 118.04 0.72 75.60
Mtg  3.8 (1–9) 9.80 ± 13.17 0.46 71.60
Ami  5.3 (4–7) 24.18 ± 14.82 0.70 64.30
Azb  5.1 (4–8) 64.04 ± 106.62 0.61 65.10
Pec  5.2 (3–8) 43.16 ± 50.64 0.63 57.90
Sdg 6.8 (3–9) 28.74 ± 20.16 0.73 63.60
Saf  5.3 (4–7) 71.80 ± 65.94 0.60 60.90
Val 3 (2–5) 11.69 ± 11.22 0.54 72.40
Vas  5.8 (5–6) 20.35 ± 31.26 0.88 77.60

assemblages variability for sampling sites (Table 5, Figs. 3 and 4).
Fqm, Gar, Ami, Azb, Pec, Sdg, Saf and Val showed significant linear
patterns of changes in fish assemblages considering both MDS  and
time lag regression results. Despite the low values obtained for the
determination coefficient (R2) in several sites, particularly in Fqm
and Azb, the regression models and all the equations coefficients

Table 5
Results from Multidimensional Scaling (MDS) and time lag regression analysis in
each site.

Sites Time lag regression (linear) MDS

R2 Trend Trajectory

Alg n.s. – Cyclic
Asm n.s. – Random
Cbx  n.s. – Cyclic
Fqm 0.10; P < 0.05 Directional Directional
Gar  0.24; P < 0.01 Directional Directional
Mos  n.s. – Cyclic
Mtg  n.s. – Random
Ami  0.52; P < 0.01 Directional Directional
Azb 0.17; P < 0.05 Directional Directional
Pec  0.29; P < 0.01 Directional Directional
Sdg  0.23; P < 0.001 Directional Directional
Saf 0.29; P < 0.05 Directional Directional
Val  0.31; P < 0.05 Directional Directional
Vas n.s. – Cyclic

were significant, confirming the existence of a linear pattern under-
lying the data. Alg, Cbx, Mos  and Vas did not show significant results
for time lag regression, but MDS  plots revealed the existence of
cyclic patterns in fish assemblages. For Asm and Mtg  results sug-
gest a random pattern, with no evident trend in fish assemblages
changes. Overall, results suggest a trend away from cyclic patterns
towards linear patterns with the increase in total human pressure.

3.3. Structural and functional changes in fish assemblages

The mean CVs of fish metrics expressed in terms of absolute
abundance were extremely high (>100%). On the contrary, fish met-
rics based on relative abundance, absolute and relative number of
species revealed lower variability, particularly in undisturbed sites
(<50%). 32 fish metrics with low temporal variability revealed sig-
nificant differences between least disturbed and disturbed sites.
After further screening for significant responses to human pres-
sure variables, seven metrics were selected to evaluate possible
ecological changes in fish assemblages (Table 6): relative abun-
dance of native species, relative abundance of native insectivorous
species, relative abundance of native eurytopic species, relative
abundance of native water column species, relative abundance
of native lithophilic species, relative abundance of species with
intermediate tolerance and relative number of non-native species.
Despite the observed redundancy between metrics calculated for
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Table 6
Fish metrics selected to evaluate structural and functional variability of fish assemblages in sites. Differences in the coefficients of variation (mean ± SD) between least disturbed and disturbed sites are significant at P < 0.001, and
significant correlations (|r| ≥ 0.5; adj P < 0.05) with human pressure variables are listed.

Fish  metrics  Coefficient  of  variation  Significant  correlations  with  human
pressure

Alg Asm  Cbx  Fqm  Gar  Mos Mtg  Ami  Azb  Pec  Sdg  Saf  Val  Vas

Least  disturbed  Disturbed
Relative  abundance  of
native  species

1.5 ±  2.3  54.8  ±  30.1 Total  human  pressure  −0.65 100 84.42  ±  17.76  100  74.59  ±  32.90  61.79  ±  32.10  99.28  ±  1.67  98.55  ±  3.24  82.28  ±  33.51  76.14  ±  17.52  67.05  ± 27.97  49.93  ±  37.11  47.46  ±  43.08  27.60  ±  22.26  100
Land  use  −0.54
Sediment  load  −0.64
Organic/nutrient  load  −0.60
Riparian  degradation  −0.59

Relative  abundance  of
native  insectivorous  species

21.0  ±  14.1  81.4  ±  35.7 Total  human  pressure  −0.50 100 49.77  ±  27.26  85.61  ±  9.17  46.42  ±  33.67  41.34  ±  27.17  71.74  ±  24.38  87.14  ±  14.24  44.82  ±  30.11  52.75  ±  28.37  58.53  ±  29.89  38.90  ± 33.88  21.72  ±  23.32  7.55  ±  11.14  70.44  ±  16.52
Land  use  −0.50
Sediment  load  −0.50

Relative  abundance  of
native  eurytopic  species

24.7  ±  9.2  81.1  ±  41.3 Total  human  pressure  −0.55 79.27  ±  11.49  59.81  ±  30.64  76.63  ±  13.79  39.93  ±  ,34.17  29.32  ±  23.68  75.84  ±  19.14  83.47  ±  16.80  62.25  ±  27.52  62.77  ±  18.97  34.89  ±  34.06  42.45  ±  32.46  28.90  ±  27.49  6.76  ±  10.49  59.47  ± 23.87
Land  use  −0.56
Sediment  load −0.50
Organic/nutrient  load  −0.51
Riparian  degradation −0.50

Relative  abundance  of
native  water  column
species

12.3 ±  9.7  76.2  ±  39.3 Land  use  −0.50 100 65.96  ±  30.33  87.16  ±  8.49  65.36  ±  33.70  54.01  ±  33.10  74.33  ±  17.58  92.99  ±  7.42  51.58  ±  24.89  65.09  ±  25.27  36.34  ±  36.54  44.35  ±  34.70  26.77  ±  27.12  7.30  ±  11.32  75.78  ± 10.85
Sediment  load  −0.50
Organic/nutrient  load  −0.50

Relative  abundance  of
native  lithophilic  species

5.9 ±  3.6  65.7  ±  29.7 Total  human  pressure  −0.63 100 63.51  ±  31.91  95.79  ±  6.01  67.26  ±  34.42  54.11  ±  33.18  92.64  ±  8.82  96.62  ±  4.64  80.42  ±  32.66  76.14  ±  17.52  39.61  ±  37.84  49.38  ±  36.69  37.32  ±  35.59  27.35  ± 22.62  86.48  ± 10.09
Land  use  −0.57
Sediment  load  −0.61
Organic/nutrient  load  −0.62
Riparian  degradation  −0.54

Relative  abundance  of
species  with  intermediate
tolerance

5.9 ±  3.6  73.0  ±  40.9 Total  human  pressure  −0.62 100 63.51  ±  31.91  95.79  ±  6.01  67.26  ±  34.42  54.11  ±  33.18  92.64  ±  8.82  96.62  ±  4.64  80.42  ±  32.66  76.14  ±  17.52  39.61  ±  37.84  49.38  ±  36.69  37.32  ±  35.59  7.30  ±  11.32  86.48  ± 10.09
Land  use  −0.55
Sediment  load  −0.60
Organic/nutrient  load  −0.61
Riparian  degradation  −0.52

Relative  number  of
non-native  species

27.7 ±  60.5  62.4  ±  37.1 Total  human  pressure  0.68 0 19.40  ±  11.69  0  16.61  ±  11.97  35.58  ±  10.42  5.61  ±  9.78  4.44  ± 9.94  14.29  ±  23.90  29.11  ±  11.08  42.26  ±  22.10  44.90  ± 26.15  31.75  ±  25.90  51.11  ± 8.61  0
Land  use  0.58
Sediment  load  0.65
Organic/nutrient  load  0.62
Riparian  degradation  0.55
Morphological  condition  0.50

Structural  and  functional  stability  (mean  similarity)  99.14  80.67  94.92  67.95  77.87  90.92  91.39  77.73  87.46  68.99  67.88  63.75  77.6  92.34
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Fig. 3. Time lag regression analysis for sampled sites Mos  and Gar, showing exam-
ples of absent and directional (linear regression) trends in fish assemblages over the
study period.
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Fig. 4. 2-dimensional MDS configuration plots for sampled sites Alg and Ami  with
superimposed temporal trajectory, showing examples of directional (progressive
move further away from the initial position) and cyclic (displacement followed by
a  return to an earlier position) changes in fish assemblages over the study period.
The  stress values obtained (<0.05) indicate an excellent ordination diagram, with no
prospect of misinterpretation (Clarke and Warwick, 1994).

total fish assemblages and for native assemblages, native metrics
behaved better, regarding the selection criteria.

All the selected metrics showed significant correlations (|r| > 0.5;
adj P < 0.001) mainly with total human pressure, sediment load and
organic/nutrient enrichment, although meaningful relations were
also observed with land use, degradation of riparian vegetation, and
morphological condition (Table 6). The non-native metric was  pos-
itively related with human pressure variables, whereas the native
metrics showed and inverse response.

Mean values of fish metrics in each site reflected the observed
relationship with human disturbance (Table 6). As such, least dis-
turbed sites presented a trend towards high proportion of native
metrics and low proportion of non-native species, whilst disturbed
sites showed an opposite trend along the human pressure gradient.
Accordingly, Alg, Cbx, Mos, Vas and Mtg  should present higher fish
assemblages integrity over the study period than the other sites,
particularly Gar, Pec, Sdg, Saf and Val.

Mean similarities of fish metrics in sampled sites followed the
pattern already observed for fish assemblages composition, though
with higher values. Furthermore, metrics similarities tended to
present higher differences between least disturbed and disturbed
sites than similarities of fish composition. As for fish composition,
fish metrics did not present significant correlations with species
richness and total fish density (adj P > 0.05).

3.4. Relationships between fish assemblages variability, human
pressure and hydrological variability

Variability in fish assemblages was associated to human pres-
sure and hydrological variability. Fish composition similarities
showed significant correlations with altitude (r = 0.64; adj P < 0.05),
annual rainfall (r = 0.61; adj P < 0.05) and CV of current velocity
(r = −0.51; adj P < 0.05), but also with total pressure (r = −0.66;
corrected P < 0.01), riparian degradation (r = −0.59; adj P < 0.05),
sediment load (r = −0.7; adj P < 0.05) and organic/nutrient enrich-
ment (r = −0.5; adj P < 0.05) (Table 7). Likewise, fish metrics
similarities revealed significant correlations with altitude (r = 0.69;
adj P < 0.01), annual rainfall (r = 0.58; adj P < 0.05), CV of annual
rainfall (r = −0.53; adj P < 0.05), total pressure (r = −0.72; adj
P < 0.01), land use (r = −0.59; adj P < 0.05), riparian degradation
(r = −0.62; adj P < 0.01), sediment load (r = −0.76; adj P < 0.01) and
organic/nutrient input (r = −0.50; adj P < 0.05) (Table 7). On the
other hand, assemblage persistence was  only dependent on alti-
tude (r = 0.71; adj P < 0.01) and annual rainfall (r = 0.60; adj P < 0.05)
of sites. Despite the absence of significant results, a trend towards
lower values was observed in most degraded sites.

However, total human pressure was  also related to hydro-
logical variability, showing significant correlations with annual
rainfall (r = −0.61; adj P < 0.05) and CV of annual rainfall (r = 0.59;
adj P < 0.05). Moreover, sediment load was  related with the CV of
annual rainfall (r = 0.72; adj P < 0.01) and nutrient/organic enrich-
ment decreased with the relative frequency of wetter years
(r = −0.64; adj P < 0.05) and increased with the relative frequency
of dryer years (r = 0.64; adj P < 0.05) and cumulative rainfall deficit
(r = 0.61; adj P < 0.05).

RDA results were in accordance with the observed correlations,
further contributing to the general interpretation of major influ-
ences in assemblages variability and possible changes in ecological
integrity. The first two  axes (�1 = 0.71; �2 = 0.07) accounted for
78% of the total variance in fish assemblages variability (consid-
ering both composition and structural and functional features) and
nine significant (P < 0.05) variables were included in the ordination
model. According to canonical coefficients and inter-set correla-
tions, axis 1 was mainly defined by annual rainfall (r = −0.76) and
total human pressure (r = 0.70), and to a less extent by CV of current
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Table  7
Most relevant correlations (|r| ≥ 0.5; adj P < 0.05) between fish assemblages variability (fish composition similarities, fish metrics similarities and assemblage persistence)
and  hydrological and anthropogenic variables.

Variables(hydrological and anthropogenic) Correlations

Fish composition similarities Fish metrics similarities Assemblage persistence

Altitude r = 0.64; P < 0.05 r = 0.69; P < 0.01 r = 0.71; P < 0.01
Annual  rainfall r = 0.61; P < 0.05 r = 0.58; P < 0.05 r = 0.60; P < 0.05
CV  of annual rainfall n.s. r = −0.53; P < 0.05 n.s.
CV  of current velocity r = −0.51; P < 0.05 n.s. n.s.
Total human pressure r = −0.66; P < 0.01 r = −0.72; P < 0.01 n.s.
Land  use n.s. r = −0.59; P < 0.05 n.s.
Riparian degradation r = −0.59; P < 0.05 r = −0.62; P < 0.01 n.s.
Sediment load r = −0.70; P < 0.05 r = −0.76; P < 0.01 n.s.
Organic/nutrient load r = −0.50; P < 0.05 r = 0.50; P < 0.05 n.s.

velocity (r = 0.54) and CV of annual rainfall (r = 0.41), while axis 2
was more related to the increase in human pressure (r = 0.63).

Ordination diagram (biplot of sites × human pressure and
hydrological variables) (Fig. 5) showed a good spatial dispersion
of sites, especially along the first axis. Least disturbed sites (Alg,
Cbx, Mos  and Vas) showed the highest fish assemblages stability
and were mainly associated to high annual rainfall and cumulative
surplus. On the contrary, most disturbed sites, especially Gar, Sdg,
Saf and Pec, experienced meaningful changes in fish assemblages
and simultaneously suffered the influence of high hydrological vari-
ability represented by CV of annual rainfall and habitat disturbance
(CV of current velocity and substrate). Cumulative rainfall deficit
was one of the least important variables. However, this variable
was more associated to assemblages changes in the most disturbed
sites, even though high values have been also registered in least
disturbed ones.

4. Discussion

Under the need for developing reliable biological indicators
based on fish assemblages in a hydrologically variable environ-
ment as Mediterranean climate streams, this study analysed the
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Fig. 5. Ordination diagram of Redundancy Analysis (RDA) between fish assemblages
variability (Bray–Curtis similarities of sites along the years using fish composition
and metrics), human pressure variables and hydrological variables.

role of hydrological variability on the responses of fish assemblages
to human disturbance in small intermittent streams.

In this context, spatial and inter-annual variability of fish assem-
blages was analysed based on relative abundance of fish species
and structural and functional assemblage attributes (i.e. fish met-
rics). Fish assemblage attributes, which respond to anthropogenic
disturbances but exhibit low natural temporal variability, are
potentially the most sensitive indicators of human pressures to
use in bioassessment (Paller, 2002). Seven metrics fulfilled those
criteria and were thus selected to indicate possible changes in
fish assembles integrity in each site: relative abundance of native
species, relative abundance of native insectivorous species, relative
abundance of native eurytopic species, relative abundance of native
water column species, relative abundance of native lithophilic
species, relative abundance of species with intermediate tolerance
and relative number of exotic species. These metrics are then the
most appropriate to include in a possible multimetric index based
on fish fauna in small intermittent Mediterranean streams.

High variability of fish assemblages was  mainly associated with
the human-induced disturbance, particularly nutrient/organic load
and sediment load. Both correlations and RDA results showed
strong associations of Bray–Curtis similarity coefficients based on
fish composition and metrics with human pressure variables. Dif-
fuse pollution from agriculture is possibly the major human impact
on the aquatic systems of southern Portugal, though livestock may
have an important contribution to the organic loading. The absence
of fences along the streams is very common, allowing cattle to
invade the streams, often with destruction of riparian vegetation,
factors that together lead to an increase in water eutrophication
and ecosystem degradation (e.g. Vidon et al., 2008).

Fish assemblages variability was also related to hydrologi-
cal variability, mainly expressed by CV of mean annual rainfall
and alterations in habitat conditions following hydrological
disturbances, particularly current velocity and substrate type.
These results agree with previous studies on Mediterranean-type
streams, presenting a wide inter-annual variation on fish assem-
blages associated to the typical hydrological fluctuations observed
(Filipe et al., 2002; Magalhães et al., 2002a, 2007; Bernardo et al.,
2003; Clavero et al., 2005; Mesquita et al., 2006; Ferreira et al.,
2007). In least disturbed sites, despite the natural disturbances
caused by inter-annual rainfall variations (including drought and
flood events), long-term assemblage stability seems to be main-
tained. This was  further confirmed by time lag regression and MDS
analyses, as all least disturbed sites showed cyclic temporal pat-
terns of changes in fish assemblages that underpin the existence
of a drift-and-recovery pattern and a high resilience to natural dis-
turbances (Magalhães et al., 2007). On the contrary, in disturbed
sites, a directional trend pattern was observed, reflecting a decrease
on the resistance and resilience of fish assemblages. In moder-
ate disturbance conditions, no evident trend in fish assemblages
changes was  observed. The highly variable floods and drying events
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Fig. 6. Potential anthropogenic and hydrological mechanisms determining variation in fish assemblages.

in Mediterranean streams may  have acted as selective environmen-
tal filters over very long time scales, thereby reducing the subset of
species to those evolutionarily adapted to cope with the prevailing
harsh environmental patterns (sensu Poff, 1997). On the contrary,
disturbed sites presented much higher variability of fish composi-
tion and metrics, and directional temporal changes, hence a short
and long-term instability possibly entailing changes in assemblages
integrity. Similar results were found in other studies (e.g. Karr et al.,
1987; Schlosser, 1990; Taylor et al., 1996; Paller, 2002) showing
that fish assemblages exhibit higher temporal variability in dis-
turbed environments.

In dryer years, low flow conditions directly affect the availabil-
ity of and access to habitats, namely the reproductive ones, and,
decreasing the water volume and wetted area, affect to some extent
the life of fish, as well. As a result, reproduction and recruitment
of the native fish are negatively affected and susceptibility to pre-
dation increases caused by confinement in smaller water bodies.
For non-native species with benthic affinities, e.g. centrarchids,
carp, or mosquitofish, stream conditions in dryer years become
more suitable. But in human disturbed systems, especially in nutri-
ent/organic enriched streams, during dry periods the aquatic biota
face additional pressures. Low flow causes the intensification of
eutrophication, as no washing out of finer and organic sediments
and no dilution of nutrients and biomass take place and slower
running waters are more favourable to primary production. Under
these circumstances, the fish assemblages are subject to the natu-
ral hydrological disturbance and to its consequences on the water
quality level, as well.

In the least disturbed sites, fish assemblages have to cope with
the habitat changes caused by low flows and subsequently recover,
which causes the observed cyclic pattern (alternating some loss
of integrity and recovery). In the more disturbed sites, low flow
conditions enhance the pressures exerted upon fish assemblages
and no similar recovery is observed, originating a quite different
pattern of response over time.

In this study neither the number of species nor the total fish den-
sity were shown to influence fish assemblages variability, leading to
possible confounding results, as sites with higher species richness
and abundance are likely to be less susceptible to environmental
disturbances than sites with impoverished fish fauna, which are
more prone to local extinctions (Tilman et al., 1998).

Along the study years, most sampled streams were subjected to
an increase in human pressure, especially those located in streams
nearby more populated areas. On the contrary, streams located at
higher altitudes, in isolated areas with limited or difficult access,
suffered the lowest increase in human disturbance and maintained
least disturbed abiotic classification over the study period. This fact
was determinant in the observed negative relation between human
pressure and altitude, and consequently with total annual rainfall,
which normally present high values in altitude areas. Therefore,
the existence of a landscape gradient in fish assemblages variabil-
ity defined by altitude actually reflects a prevailing human pressure
gradient. Regarding other possible confounding landscape factors
in interpreting the importance of human pressure and hydrological
variability in fish assemblages variability, results also did not show
any direct influence of drainage area (Horwitz, 1978; Schlosser,
1982).

Considering that inter-annual hydrological variability tended to
be low in higher altitude streams, the discussed increase in anthro-
pogenic disturbance observed in many lowland sites was  also
partially responsible for the positive relation observed between
total human pressure and hydrological variability. Nevertheless,
results also suggest that hydrological variability may  aggravate the
impact of human pressures (and to a certain extent their evalu-
ation) in fish assemblages, as reflected by the relations between
sediment load and the CV of annual rainfall, and also between nutri-
ent/organic load and the relative frequency of wetter and dryer
years and cumulative rainfall deficit.

Accordingly, in sites with high annual rainfall and lower inter-
annual hydrological variability high flows are more frequent,
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leading to habitat rearrangement and flush out of fine sedi-
ments and organic material. In fact, the mentioned negative
correlation between the relative frequency of wetter years and
organic/nutrient pressure is related to the fact that high flow condi-
tions may  promote nutrient dilution, improving the water quality
and reducing the impact of organic/nutrient load on the biota.
Moreover, wetter years favour the reproduction of native species
(Bernardo et al., 2003; Hill et al., 1991) as well as promoting post-
summer recolonizations and spawning migrations up the river
systems (Bernardo and Alves, 1999; Magalhães et al., 2002b; Ilhéu,
2004). Several studies reported increased recruitment of native
juveniles following flow disturbance, causing rapid recovery of fish
assemblages (e.g. Bohnsack, 1983; Closs and Lake, 1996; Lobón-
Cerviá, 1996).

On the contrary, in sites with lower annual rainfall and high
hydrological variability, the frequent and cumulative absence of
floods can act at two levels (Bernardo et al., 2003): (i) decreasing
habitat complexity and diversity, promoting siltation and degra-
dation of the water quality, negatively affecting the native fish
habitats including the reproductive ones and those required for
early life-history stages; (ii) favouring conditions for the recruit-
ment and no flush out of the alien limnophilic species, thus
increasing the pressure on the native species through competition
and predation.

Results from the sites where abiotic classification changed
during the study period (Mtg, Asm, Ami, Azb and Fqm) further
reinforced these conclusions. In fact, changes in fish assemblages
were lower when hydrological variability was also lower (Asm and
Mtg), despite the more or less similar increase in human pressure
registered in these sites.

In sum, results suggest that hydrological variability can act
jointly with anthropogenic disturbances, producing both direct and
indirect effects on fish assemblages in small intermittent streams
(Fig. 6). In human disturbed situations, high hydrological variability
(especially if it entails high frequency of dryer years and meaning-
ful cumulative water deficit) may  affect the impact of the human
pressures both on habitat and on water quality, with significant and
consistent variations of fish assemblages composition and integrity
that may  influence the ecological assessment. Indeed, in sites with
variable hydrological regimes and disturbance histories, substan-
tially different conclusions from bioassessment of a site can be
obtained from different years, even if data was collected identically
on each sampling occasion and no change in human disturbance
was registered (Wilcox et al., 2002).

The synergetic effects of hydrological variability and human
pressures on fish assemblages, acquires particular importance
under a climatic change scenario (see Santos and Miranda, 2006)
that foresees significant impacts not only towards an increase in
temperature, but also towards reductions in rainfall and increases
in inter-annual flow variability in Mediterranean streams. Conse-
quently, these aquatic ecosystems are likely to be highly vulnerable
to long-term changes in hydrologic regime in the future. The selec-
tion of metrics for the fish multi-metric indexes should avoid
possible bias related to metrics, which might respond to natural
hydrological variations.

5. Conclusions

High hydrological variability may  affect fish assemblages com-
position, but native fish species seem to exhibit high resilience
to natural disturbance when hydrological and habitat conditions
resemble the pre-disturbed state. Despite the relatively small
number of sites analysed, this study contributes to highlight the
importance of assessing temporal variability on stream biomon-
itoring programs. This approach makes possible to distinguish

substantive ecological changes from natural fluctuations of fish
assemblage structure. In this study, the fish metrics selected to
assess changes in assemblages integrity are based on the rela-
tive abundance of native species (insectivorous species, eurytopic
species, water column species, native lithophilic species), rela-
tive abundance of species with intermediate tolerance and relative
number of exotic species. These metrics are the most appro-
priate for inclusion in a multimetric index to be developed for
these streams because they respond to anthropogenic disturbances
but exhibit low natural temporal variability. Nevertheless, re-
evaluation of this issue with larger data sets from different river
types and longer time series including extreme natural events
would help to improve and expand the present results. Moreover,
a correction of class boundaries for the developed biotic indexes
may  also be a possible solution in order to improve the assessment
accuracy in small Mediterranean climate streams.
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