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ABSTRACT

Scientific evidence indicates that freshwater aquatic ecosystems can be protected or restored by recognising that dynamic flow patterns mu
maintained within the natural range of variation to promote their integrity and sustainability. An evaluation of the required conditions for health
functioning needs to begin with a description of natural streamflow patterns.

In order to characterise the flow regimes of a group of rivers located in central Spain, data was taken from 25 gauging stations in a major ri
basin to establish a hydrological grounding upon which to base biological studies. A number of basin variables were also obtained, and this pz
considers the relationships that exist between relevant ecohydrological indices and these basin characteristics.

Special importance has been attached to low flow characterisation, since these situations are important determining factors for the developi
and evolution of biological populations. The results show a significant relationship between one of the low flow indices and basin lithology, evap
transpiration and river basin size. Finally, two models have been found which allow low flow volume values to be estimated from these river ba:
variables. These models can be used to obtain low flow values in river basins where gauging stations do not exist.

Keywords Hydrological parameters; basin lithology; drought management; low flow models.

Introduction hydrological regime, followed by other studies that evaluate
the severity of the impacts caused on our rivers by human
The paradigm of natural flow regimes, as described by &daff. intervention.

(1997), shows the need to maintain or restore the natural range The literature includes a number of papers which not only
of intra and interannual variation of hydrological regimes as a describe river regimes by means of indices but also seek to
fundamental element for protecting aquatic ecosystem integrity,establish relationships between these indices and aspects of the
especially in the case of fluvial ecosystems. physical environment that affect hydrological regimes, such as
For this purpose itis necessary to describe several componentthe basin characteristics. There are also many papers that measure
of river regimes by means of hydrobiological indices. Processesthe degree of deviation from the natural state due to a particular
in fluvial ecosystems are generally considered to be regulated byntervention, such as a dam or water transfer; a very common
five components: magnitude, frequency, duration, timing, andsituation in our country (Ibafieet al, 1996; Garcia de Jalén
rate of change (Poff and Ward, 1989; Richeeal, 1996; Olden etal, 1992). On the other hand, research is also being carried out
and Poff, 2002). River regimes and their relevant events can bento the relationship between particular flow regimes and the bio-
described by calculating hydrological indices derived from theselogical communities that inhabit the river stretches where these
components, which must adequately represent the main facets agimes exist. Such studies serve to establish how far regimes can
the regime and the events that determine the biological cycles obe deviated from their natural state without irreversibly altering
species, geomorphological processes, and the transportation dhe dynamics of the fluvial environment, maintaining the natural
nutrients and sediment. biodiversity, development potential, and the state and diversity
Since water demand for human uses increases day by day, af the fluvial habitat.
growing number of rivers, streams and torrents are regulated and During a time the hydrologic analyses used a very few param-
their flows modified (Garcia del Jalén, 2003). As a result, many eters and without a suitable biological relevance, something
of the ecological characteristics of their regimes are modified frequents in Spain (Baeza and Garcia de Jalén, 1997; Pedhu
and it is necessary to know how these changes are affecting th&998), nevertheless at the present time a great amount of hydro-
integrity of fluvial ecosystems. logic indices are available and the challenge is to choose the most
In order to maintain ecosystem integrity it is firstly nec- suitable type to adequately describe the main aspects of the flow
essary to carry out studies that describe each particularegime (Olden and Poff, 2002).
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Another interesting aspect to which great importance is cur- stretches in order to know their ecological state, based on fish
rently being attached is the grouping of rivers or river stretches incommunity abundance, richness and diversity. This idea has
regions that share physical qualities. Thisis useful forimplement-been put into practice in France (Oberdceffal, 2001) and
ing common management strategies and ecosystem conservatidBermany (Schmutzt al, 2000), countries where there are
management. These regions or ecoregions share geographicahany references regarding studies on fish communities and
morphological, climatic and hydrological aspects that can betheir relationship with environmental conditions; something that
defined by measurable parameters. Poff and Allan (1995) carried out in North America, estab-

To classify a stretch of river in one group or another it is lishing the relationship between fish communities and flow
firstly necessary to decide what characteristics and ranges areegimes.
to be used as the criteria for defining each region. Considering Having identified the paradigm of the natural flow regime as
that these parameters must have a hydrological and an ecologicalne of the main determining factors for protecting the biologi-
base, itis necessary to address the relationship between the physal integrity of our rivers, and having recognised the lack of a
ical environment, the hydrological regime (Baeza and Garcia decomplete knowledge (Richtet al, 1997) of the hydrological
Jalon, 1998; O’'Shea, 1995), and the affected biological popula-behaviour of our rivers using suitable parameters, the first task in
tions in order to choose the most appropriate characteristics tahis study is to characterise the flow regime in a group of rivers
define these ecoregions. located in central Spain with the aim of creating a hydrological

Cataloguing natural bodies of water in regions that share phys-grounding for subsequent biological work, such as the description
ical environmental characteristics is one of the objectives that theof species, characterisation of communities, abundance, effect
Water Framework Directive sets out for all European countries of introduced species, etc., and which also serves as the starting
(Arifio et al,, 2002). The aim of the Directive, with regard to the point for the selection of variables that define regions of similar
conservation of fluvial ecosystems, is to improve their ecological river stretches.
state. For this purpose, the European area needs to be divided For this purpose, the study has also identified a humber of
into ecoregions (Pradt al, 2000) and reference conditions need basin variables and has attempted to relate them with the repre-
to be established which define the good ecological state of riverssentative indices of the flow regime in these rivers. The objective
so that all river stretches may be brought up to the ecologicalof this second part of the work is firstly to explain the behaviour
reference state that characterises their ecoregion. Thus itis necesf the rivers, and secondly to select the variables that are most
sary to find the physical environmental variables that define eachinfluential on this behaviour and which may serve as the basis for
ecoregion and subsequently to assess the degree of ecosystemfuture regionalisation.
naturalness from a biological viewpoint, in order to ascertainthe  Special importance has been attached to the characterisation
reference conditions and the ecological state of each river stretchof low flow periods, since these situations are a habitat-imposed
Consequently, in order to fulfil this legal requirement, work must determining factor of tremendous importance for the develop-
be carried out to decide what physical environmental variablesment of biological populations. In semi-arid regions many rivers
are to be used and to establish relationships between the variabledry up naturally in the summer months for long periods of time,
that determine the development of biological populations in thesebut in addition to this, human intervention causes many more
environments and the state of these populations. rivers to remain artificially dry for even longer periods, and this

A series of projects working in this direction are currently is one of the severest of all man-made alterations to our fluvial
under way in Europe, attempting to bring together knowledge systems. For this reason, one of the hydrological indices that has
on the hydrobiology of European rivers in order to select refer- been used to characterise this period represents the magnitude anc
ence factors with regard to regional ecological and hydrological the duration of low flow periods. This index has a very particular
conditions with which to classify the rivers of Europe. These meaning for the authors, since in other work (Baeza and Garcia
projects seek to characterise the fluvial ecosystem and to estatde Jalén, 1999) it has been used as an ecological flow value. In
lish relationships regarding the dependence of aquatic speciesther words, this is the minimum flow that should be present in
on particular characteristics of this environment, with the aim rivers during low flow periods (when the rivers are man-altered)
of establishing a solid grounding of knowledge that allows the in order to maintain the functioning of the fluvial system at close
design of better conservation strategies and provides a responge natural values.
to some of the challenges of the Framework Directive. For the same reason, in the selection of basin variables it has

The ecohydrology group of the UNESCO FRIEND-AMHY  been attempted to include those which best explain the low flow
project aims to establish a working team to develop methodsbehaviour of the rivers. Consideration has also been made of
that allow the matching of different hydrological characteristics other variables that have traditionally been used to characterise
with fluvial and riparian species and to identify the relationship basins, such as those used in torrential flooding and high flow
between hydrological variability and these species at differentphenomena.
scales. Since low flow situations differ greatly from flood situations,

The FAME project seeks to establish the importance of at least in terms of the origin of the water, a number of other
local, geographic and ecoregional factors on fish distribution variables have been included to explain the amount of water that
and their grouping in communities. It also aims to obtain feeds into the river during low flow periods, mainly from the
an index that serves to evaluate reference conditions for rivergeological reserve. These variables can indicate the way water
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is stored in the basin during rainy months and how it is slowly on the relationship between the indices describing low flows and
released over the year, i.e. the capacity to create aquifers. the studied basin variables. The objective is to be able to work
This reflection has led us to include hydrogeological variables, on other rivers with similar behaviour but for which the values
considering that the water reserve in summer and the rate of wateof hydrological indices cannot easily be obtained, using these
transmission to the basin have a clear geological base, since thimodels to estimate them, allowing an approximation to the hydro-
is the medium where most water is stored and transported durindogical functioning of the rivers in basins without data in similar
the summer months (Gustagtial., 1992; Nathan and Mc Mahon, conditions to the river stretches for which data is available.
1991; Walton, 1965).
The groundwater that constitutes aquifers of greater or lesser
importance in the study area (the Tagus basin) is responsible now ethodology
only for the presence of water but also, in many cases, for the
regularity of the streamflows and their fluctuation over the year This study has been structured in two parts. Firstly, recorded
and between years. Bearing in mind that the normal situation inflow data has been used to establish a number of hydrological
temperate areas is that the river “gains” water from the aquiferindices that characterise the river regimes. One of these indices,
from which it drains, it is the presence of this store of water that Q25d, serves as an estimator of ecological flow and, as mentioned
explains the permanent flow in these systems. above, has previously been used by ourteam in other work (Baeza
To gauge the role played by aquifers in natural inflows, it has and Garcia de Jalén, 1999). And secondly, quantifiable basin
been necessary to classify rock types according to a hydrogeovariables that condition these regimes have been identified and
logical classification, and to map the surface area occupied bycalculated, and relationships have been established between the
each type of rock in the studied basins. In this way it can be esti-hydrological indices and basin variables.
mated how receptive a basin is to storing water underground and The study has considered twenty-five basins in the centre of
the relative importance of subterranean inflows in proportion to Spain, all of which lie within the Tagus basin administrative dis-
the total flows recorded in each river. trict (Figure 1). These basins and the rivers that draintheminclude
Since water inputs in these basins, in the way of rain, are mini-a wide variety of types in terms of morphology, hydrological
mal in summer, and considering that this is the time of year whenbehaviour and geological composition. The main considerations
the water demand is highest, the flows running on many of thein the selection of these rivers were the availability of sufficient
intervened rivers will be outside the natural variation range, giv- series of flow data and that the regimes were natural, without
ing rise to situations of exceptional disturbance of the biological important alterations due to human intervention.
populations to which they are not adapted. Therefore, by assess- The data for the hydrological study were obtained from
ing water inflows to the rivers from the geological reserve we the gauging station network operated by the Confederacion
will know the natural situation of low flows on these rivers, and Hidrogréfica del Tajo (basin administration) (CEDEX, 2000).
this will serve as a reference for establishing minimum ecological Complete series of daily flows for several years (from 20 to more
flows. This will allow us to know to what point the ecosystems than 40 in the rivers where more antiques record exist) were taken
can be stressed during low flow periods while maintaining the and used to calculate 12 parameters characterising high and low
biodiversity and the most interesting and specific populations offlow periods and flow variations within each year and between
these river stretches that have long withstood extreme low flowsdifferent years.
and have developed strategies to resist them. Since the estimation of ecological flow has been one of the
Finally, besides trying to quantify the influence of certain few attempts to restore regimes altered by human intervention,
drainage basin characteristics on hydrological indices of ecolog-both in Spain and abroad, the assessment methods used have
ical importance, it has also been attempted to find models basetieen tried and tested over a long period of time, so estimates
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Figure 1 The Tagus basin in Spain, showing the gauging stations considered in the study.
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of ecological flow are already available for many Spanish river — Q25d is the lowest mean flow value found in the year for a
stretches (Garcia de Jaléhal, 1997(1); Garcia de Jal@t al, group of 25 consecutive days. This parameter is representative
1997(2)). There are several groups of methodologies for calculat- of the duration and magnitude of the lowest group of flows
ing ecological flows. One of the most widely used is that which  in the year. Its calculation is somewhat more complex and
makes a simulation of the habitat, known as the IFIM method involves finding the moving average of daily flows for every
(Bovee, 1982), in order to assess how fish habitats vary when 25-day period in the studied years.

flow changes occur. Other more or less recent methods consider N < SD indicates the number of times that the daily flow is
the use of historic flow data recorded by gauging stations in order less than the mean annual flow minus the intraannual stan-
to identify the minimum flows running on rivers over long time dard deviation. This parameter represents the frequency of low
periods (Palau, 1997; Baeza and Garcia de Jalon, 1997). water periods in the year.

In our opinion, these latter groups of methods have more blo'The next six parameters measure flow variation; the first three

logical sense than those based on simple percentages of the MeJHNthin the same year and the following three between the years
flow (Richteret al, 1999), since it is considered that biological considered in this study,

communities need a period of several days to restore themselves
after a disturbing event that has altered their structure and com= CVintraisthe coefficient of intraannual variation. Itrepresents
position (Ortegat al, 1991; Del Rosario and Resh, 2000). Thus the magnitude of the dispersion of daily flow values in the year.
it is better to choose the representative flow of a period that is After calculating the mean annual flow, the standard deviation
long enough for organisms to develop a response, rather than one is found and the quotient between the two values is established.
single extreme value to which the populations are not adapted. — Torrential is the difference between the flow on the day of
On this basis, the moving average of several days has been the year that the river carries the greatest amount of water and
used to calculate the ecological flow. In previous work (Baezaand the mean annual flow. This parameter measures the torrential
Garcia de Jalon, 1997; Baeza, 2000) a 25-day interval has been behaviour of rivers (Margalef, 1983).
used as the value that represents a sustained low flow situatiorr; DIFannual represents the frequency of flow tendency rever-
this being a very frequent situation in Mediterranean climates ~Salsintheyear. Itis calculated by counting the number of times
where there is no rain for a large part of the year, resulting in  €ach year that the amount of water carried by the river stops
very little water flowing in the river for prolonged periods. Bio- ~ increasing and starts to decrease, or vice versa.
logical communities are much better adapted to flows that are~ CVinter is the coefficient of interannual variation. It charac-
sustained over a long period, such as the time that is needed for terises the magnitude of the dispersion between mean annual
the community to reestablish itself. Thus it makes more sense flows in the studied hydrological series. The mean annual flow
to calculate a minimum ecological flow based on flows that are  Of each river is calculated for each year, in order to subse-
present in the river for a number of days than to use the very low quently find the standard deviation of these mean annual values
values corresponding to one single day, as has been suggested in@nd to calculate the quotient between the two values.
simpler methods. — Irregular is the quotient between the mean annual flows of
Therefore the 25-day moving average minimum flow, is a good the years with the highest and the lowest mean values of the
indicator of ecological flow in this climatic region, has beentaken ~ €ntire series. It represents the difference between hydrolog-
as one of the parameters that will characterise the regime of these ically abundant years in terms of streamflow and the driest
rivers. There follows a description of the hydrological parameters ~ Years.

that have been calculated: — Drymonth is the percentage within the studied years that the
The first three parameters identify the magnitude, duration fiver has dried up for periods of at least one month. It rep-
and frequency of high water periods. resents the variability within the studied years in which a

drought occurs with a sufficient duration to have biological
— Q18is the daily flow that is exceeded on only 5% of the days ~ fepercussions.

inthe year. Itis taken to represent the magnitude of high flows.\e consider that with the purpose of calculate Cvinter, irregular
— D> M is the number of days in the year that the mean annualand Drymonth we should use the same number of years that
flow is exceeded. It represents the duration of high water ysually is used to assure that the estimations on fluvial regimes

periods. are stable and predictable, commonly they are 20 years (Gan
— N> SDis the number of days in the year that the mean annualet al, 1991).

flow plus the intraannual standard deviation is exceeded. It
represents the frequency of high water periods in the yeatr. Basin variables
The following three parameters provide a similar analysis for Fifteen basin variables have been used to explain the hydrolog-
low flow periods. ical behaviour, flow magnitude and flow variation on the river
stretches whose hydrological regime has been characterised with
— Q347 is the daily flow that is exceeded by 95% of all daily the above parameters.
flows in the year. It is taken to represent the magnitude of low  These variables include aspects such as the substrate, cli-
flows. mate, basin morphology and forest cover. One group of variables
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has been included to explain the low flow behaviour of the to subsequently establish mathematical relationships with the
rivers, some of which have previously been successfully usedhydrological parameters, a series of transformations must be
in Mediterranean rivers for the same purpose. made. Firstly, the basin geological information has been simpli-
Another group of variables has been taken from two clas- fied by grouping all the basin rock types into just ten categories
sic parametric hydrological methodologies, namely the USLE (Table 2), arranged in order of increasing capacity to act as an
method (Mintegui and Robredo, 1993) and the curve numberaquifer (Gustarcet al,, 1992; Sanz, 1996; Lacey and Grayson,
method (USDA, 1978), which serve respectively to measure thel997). After this the surface area occupied by each rock type in
soil erosion caused by heavy rainfall and the production of directeach basin has been measured, weighting the area corresponding
runoff in torrential events in the basin, respectively. The first of to each rock type according to its groundwater storage capacity.
these two methods was applied in a project carried out by theFinally the LIT value, which represents the basin hydrogeological
Spanish Ministry of Agriculture some time ago and gave rise to areserve, has been obtained by multiplying the area corresponding
report from which data has been taken (Ministerio de Agricultura, to each rock type by its weighted value.
1977). For greater accuracy in the results, and to more exactly
In order to implement the USDA method it is necessary to measure the area of each lithological formation, a Geographic
obtain a value, N, known as the curve number, which mea-Information System (GIS) has been used.
sures the way the soil complex is able to retain the effect of
rain. The variables of the USLE and USDA methods used in
this work are: soil loss, erodibility, forest cover, ground topogra- Analysis of data
phy, and hydrological curve number. It is considered that some
of the hydrological phenomena this study seeks to research, anéirst of all a correlation analysis of all the variables was per-
which have been characterised by the aforementioned indicesormed, considering both the hydrological parameters and the
(magnitude, frequency), will be conditioned by these basin basin variables, in order to identify any colinearity between the
parameters. various hydrological parameters used and to reject those yield-
The remaining variables include geomorphological values ing redundant information, and on the other hand to determine
(Direccion General de Minas ITGME, 1976), topographic values the relative importance of the basin variables for estimating
(CEDEX, 2000), climatic values (Forteza, 1984), forest cover, the hydrological parameters considered. The analysis has also
and hydrogeological values (Table 1). included the standardised values of the parameters Q18, Q347
In view of the importance of groundwater inflows in these and Q25d, obtained by dividing the corresponding values by the
rivers, especially in the low flow season, a variable has beenmean flow of each river and referred to as Q18/m, Q347/m and
included to represent basin hydrogeological characteristics inQ25d/m, respectively.
more elaborate way. Once the basin variables that have a relationship of statistical
The basin aquifer capacity is represented by the value referredignificance have been identified, it remains to find models that
to as LIT. Since this information needs to be transformed into aallow us to establish the relationship between two or more of
single numerical value representing the entire basin, in orderthese variables and the hydrological values, in order to be able to

Table 1 Meaning and units of basin variables.

Parameter Meaning Unit

A Annual Soil Erosion ton/ha.year

R Rainfall and Runoff Factor, represents the erosivity of the type of precipitation thatis recorded) m=2.cm-hour?
in a geographic locality

K Soil Erodibility Factor, reflects how susceptible the ground is to erosion and is calculateton-m~2-hour/hal.cm
from its texture and organic matter content

C Crop/Vegetation and Management Factor, represents the cover provided by crops or —
vegetation to oppose erosion

LS Slope Length-Gradient Factor, considers the slope of the river basin %

N Hydrological curve number, represents the capacity of the soil-vegetation complex to retairnm
rainwater

Per meability %

Drainage %

Area Basin area km?

Slope Slope of the river section from its birth to the gauging station %

Forest cover Percentage of the river basin covered by vegetation %

Temperature Annual average temperature in the river basin °C

ETP Evapotranspiration mm

Precipitation Annual total precipitation in mm mm
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Table 2 Simplified grouping of rock types found in the basins.

Rock type order

Lithological types

strategies were used to establish the models. On the one hand
what happened when one or two variables were transformed was
investigated, in order to see whether their transformation led to

1 Very consolidated clays and gypsum a more linear model. Another solution was to suppose a general

2 Slates and schists non-linear model y=m(x)+ n and to directly estimate the form

3 Granite 3 of the function m(x) by non-parametric regression methods. In

4 Others detritic rocks non-normal variable distributions the transformation of variables

> Alluvial sediments was performed using the Box-Cox transformation family (Pefia

6 Sands and clay sands .

Sanchez, 1994).
7 Sands and gravels . . . .
. Having chosen which basin variables and models to use, a step

8 Limestone and gypsum . . . . .

9 Limestone with sand and conglomerates by step analysis was carried out, in which each of the variables
10 Limestone and dolomites was introduced, one by one, until the best explanation for the

variability of the dependent variable was found. The variables

which on the whole were not explanatory, or whose inclusion in

explain or predict the magnitude of important events in the river the model did not contribute to improving it, were rejected.

such as the low flow season, flooding, and the variation in flow In all cases, the chosen model was that which fulfilled the best

values. linearity conditions and best explained the variance of the depen-
The statistical tool used to find relationships between variablesdent or explained variable. The precision and validity of the model

has been the Pearson correlation coefficient. Firstly a correlationwas analysed by calculating its determination coefficient. In the

matrix has been prepared in which all the coefficients betweenmodels that were found, the residuals were plotted against the

all the hydrological indices and all the basin variables have beerforecast values, and this graph was used to check the linearity of

calculated, in order to identify the variables that have the high-the functional dependence of the two related variables.

est relationships and to select those that are to be used in the

model. The criterion for selecting the basin variables to be used

in the model has been to select those related with the index it wadResults

intended to determine with a significance level of 95%, calibrated

with the t-Student. The values of 12 hydrological parameters were found (Table 2) for
To establish the models, a verification protocol was firstly the studied series of flows, and the values of 15 basin variables

followed to check the value distribution of the hydrological and were established (Table 3) for each of the considered basins.

basin variables. This included defining the kind of distribution These values were used to perform the statistical analysis that

that best fitted the values found for each variable and its proximity gave rise to the correlations and models.

to a normal distribution. To begin with, simple linear regression  The results show a series of river stretches with highly different

and multiple regression models were used. characteristics, due to the fact that the chosen rivers have very
For cases of non-linearity, very small samples, or when thedifferent basin sizes and therefore their mean flows are also very

variable distribution showed a non-normal distribution, other different (the river Tiétar at Rosarito station has a mean flow

Table 3 Range of values and rivers for which extreme values have been found for the 12
considered hydrological parameters plus the standardised values of Q18, Q347 and Q25d.

Maximum River Max. Minimum River Min.
Q18ni/s 107.88 Tiétar (Ros) 0.78 Guadalmejud
Q18/m 5.15 Almonte 1.97 Dulce
D > M days 159 Dulce 68 Cedena
N> SD 12 Alberche 2 Perales
Q347 ni/s 4.01 Guadiela 0.01 Perales
Q347/m 0.43 Escabas 0.01 Almonte
Q25d ni/s 5.42 Guadiela 0.01 Perales
Q25d/m 0.43 Gallo 0.01 Perales
N <SD 8 Alberche 1 Cedena
Cvintra 2.24 Almonte 0.59 Dulce
Torrential 26.91 Almonte 3.89 Dulce
DIFannual 180 Alberche 32 Perales
Cvinter 0.78 Trabaque 0.34 Lozoya
Irregular 27.66 Trabaque 3.60 Escabas
Drymonth % 0.65 Cofio 0 several




Basin influence on natural variability of rivers in semi-arid environment353

Table 4 Results of the main studied basin variables for the 25 rivers. The table presents only those variables which the
statistical analysis has shown to be most influential on the hydrological parameters.

Parameter Drainage Erosion (A) Forest.cov. Curfe NPrecipitat. Temperat. ETP Area Lithology

ton/ha % (Nmm  mm °C mm Kn?  (LIT)
Escabas 90 20.2 15.1 54.2 525 12.9 724 345 9.1
Navaluen. 97 18.3 4.7 58.7 619 10.8 719 698 3.0
Cofio 35 25.1 10.6 66.1 757 13.6 658 629 2.8
Cuernac. 50 135 7.4 73.3 639 16.4 974 120 4.4
CuerpoH. 52 12.4 10.6 66.3 712 10.4 709 239 2.8
Dulce 25 0.5 6.8 78.7 599 10.9 735 263 6.0
Mayor 29 18.1 6.3 76.8 713 12.8 727 430 6.1
Rosarito 94 43.8 8.1 61.7 1047 16.2 881 1754 3.1
Bujalaro 37 73.4 5.9 75.1 565 12.4 798 1036 7.0
Almonte 96 9.1 12.6 57.7 900 16 920 787 2.8
Gallo 71 219 5.8 63.8 702 9.5 675 944 8.2
Guadalm. 32 7.8 3.8 69.5 908 10.3 638 253 7.7
Guadida 54 13.6 5.2 76.2 525 12.9 525 3342 5.7
Jerte 64 282.4 8.3 66.2 1400 13 800 631 3.0
Perales 70 27.4 6.0 63.3 432 12.6 720 261 3.5
Tajuia 39 0.2 6.7 75.0 653 10.9 732 658 8.1
Tiétar 96 14.7 10.3 53.8 1348 16 928 730 3.0
Trabaque 54 20.8 8.0 72.8 624 13.1 740 361 7.3
Alagén 48 17.9 7.6 61.1 958 14 861 288 2.3
Alberche 98 20.7 6.1 51.3 750 9 610 1050 2.9
Ibor 97 27.8 11.4 54.1 784 14.7 892 266 5.7
Cedena 64 124.0 6.8 51.4 458 14.4 795 53 5.2
Henares 42 51.6 7.3 734 599 10.9 735 2597 5.9
L ozoya 72 15.8 11.7 67.3 906 9.8 626 42 3.0
Tagus 95 2.6 154 68.2 951 9.6 683 410 8.0

of 27.3n¥/s, while the mean flow on the river Guadalmejud is same dates, and the values of these extraordinary flows do not
0.3n¥/s). This is reflected in the highly different extreme values differ greatly from the flows generally running in the river.
found for the hydrological parameters, especially those that have The other group at the opposite extreme is characterised by
been used to measure magnitude in low and high flows (Q18 andhe river Alimonte; whose high water flows (Q18) exceed by more
Q347). than five times the mean flow in the river, has the maximum
Another general characteristic of the results is the Mediter- CVintra (2.24) and the maximum Torrential value (26.91); along
ranean character of these rivers, which in general terms iswiththeAlagon, Tiétar, Perales, Cuernacabras, Iborand Alberche
indicated by the presence of very long and very dry low flow at Navaluenga. These rivers show great differences between their
seasons and a great disparity between low and high flow valueshigh water, low water and mean flows. This group includes rivers
which are related with the values of the parameters Q25d, Dry-with very high flows, great torrentiality, and others that have very
month, CVintra and CVinter. There are 14 rivers with low flows low flows and that even dry up completely.
of less than 0.5 /s, 11 rivers that frequently dry up for periods Another group of rivers can be found in which the Alberche
of more than one month, and 12 rivers that have an interannuals the clearest representative. These rivers present many flow
variation coefficient of more than 1.5, with 1.4 being the mean changes during the year, and frequent extreme flows for both
value found for this parameter, which indicates the strong tor- high and low values.
rential nature of these rivers and the great variation in the flows  With regard to low flows, one of the fluvial characteristics that
running in them over the yeatr. constrain the evolution and the adaptations of the alive organisms
The hydrological parameters allow the rivers to be arranged inin these semiarid regions, we have found two models, one that
groups in order of increasing variability. At one extreme, with the present rivers with low water values and very long dry periods,
lowest variability, is the river Dulce, whose high water flow values characteristic of temporary rivers like the Perales, and others
do not reach twice the mean flow, this river has the minimum different in which the basic characteristics is the frequency of
CVintra (0.59) and the minimum Torrential value (3.89); along years in which they are dried, like the Cofio, river that turn into
with other rivers such as the Gallo, Escabas, Trabaque, Tajufiadried practically every year. These two models must produce
Mayor, Tagus and Henares. These rivers present little differencealifferent strategies in the organisms that live in these rivers, and
between their highest and lowest flows, and nearly always showthis quality must be had in consideration if a regulation projects
low and high water situations with the same frequency and on theis planned in these sections.
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Many of these characteristics shared in the groups, dependhe analysed basin variables, which will show greater correspon-
on characteristics of their river basins. These groups can condence with the high or low flow parameters or with the flow
tribute to a more rational management of the water resourcesyariation parameters depending on their particular hydrological
in which the particular hydrologic behaviours of each group are meaning, as will be seen in the following chapter on statistical
considered. analysis.

The basin variables help to explain the regime variability
encountered. The lithology variable, whose importance is con-
sidered in detail below, has been calibrated to yield values from . .

. : Correlation between variables
0to 10. Four basins have been found with values over 8, namely
those of the rivers Tagus, Gallo, Tajuiia and Escabas, the latteThe first step to explain the hydrological behaviour of rivers and
having the maximum value of 9.1. At the opposite extreme are groups of rivers consists of establishing the relationship between
the basins of the rivers Cuerpo de Hombre and Almonte with the mathematical parameters that have been studied to charac-
the minimum value of 2.8. Evapotranspiration (ETP) is another terise the regime and the basin variables that are adopted as the
of the most important variables found to explain the hydrologi- determining factors of that hydrological behaviour.
cal regimes of these basins. Most of these basins have an ETP To establish this relationship the values obtained were com-
of between 600 and 700 mm. The rivers Almonte, Cuernacabragaredinthe correlation analysis of the 12 hydrological parameters
and Tiétar have an annual value in excess of 900 mm, while theand the most significant variables of the studied basins. Tables 5
river Guadiela shows an ETP of 525 mm. The hydrological curve and 6 show the most significant results and their statistical
number, which is especially related with torrential and flood phe- significance.
nomena, has its maximum value in the river Dulce (78.7) and its  In Tables 5 and 6 it can be seen that the hydrological param-
minimum in the rivers Alberche and Cedena (51). eters which have the greatest number of statistical relationships

The group of hydrological parameters used are easy to calwith the basin variables are the parameters Q18/m, which char-
culate with simple mathematical procedures if gauging data isacterises high flows; CVintra, which represents the flow variation
available and have provided a good characterisation of the studieduring the year; and the torrentiality index, which assesses the
regimes, which is sufficiently broad to describe the componentsdifference between the maximum annual flow and the mean flow.
of the flow regime. Furthermore, it has been possible to define With regard to the basin variables most related with the
groups of rivers by differentiating between those of a constanthydrological parameters, the variable representing the basin
and regular character and those in which many fluctuations andaquifer capacity (LIT) is that for which most relationships are
sudden changes in flow occur. This will be partly explained by established, followed by evapotranspiration (ETP).

Table 5 Correlation coefficients and statistical significance between hydrological parameters deter-
mining low and high flow factors and basin variables, showing only those relationships with a
significance of more than 95%.

Drainage Curveno.(N) ETP Lithology (LIT) Area Temperature
Q18/m  0.4267* —0.5240*** 0.5052* —0.6656*** 0.5416***
D>M 0.4695* —0.5223%** —0.5089*
N> SD
Q25d/m 0.8463***
Q347/m 0.8202***
N <SD 0.5875***

***99% significance.
*95% significance.

Table 6 Correlation coefficients and statistical significance between hydrological parameters causing intra and
interannual variability and basin variables.

Curve no. (N) Drainage LS ETP Lithology (LIT) Temperature Area
CVintra —0.4444* 0.6027*** —0.5798*** 0.6122**
Torrential  —0.5579*** 0.4520* 0.6658*** —0.5157*** 0.6902***
DIFannual —0.3971* 0.5289***
CVinter
Irregular —0.4218*
Drymonth 0.4865* —0.4319 0.7810***

***99% significance.
*95% significance.
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It is interesting to note that the parameters-18D, which Model Q25d/m-lithology
measures the number of times the considered high flow threshold 5
in each river is exceeded, and CVinter, which measures the vari- o o
ation between years, are not significantly related with any basin 0.4 .
variable. Apparently these variables are more influenced by the £ 03 o ° /
climatology that by the geographic characteristics. 3 / o

On the other hand, the hydrological parameter Q25/m, which & o2 hd ¢
characterises the severity of the low flow duration, is related only ¢ / .'
with the LIT variable. This is the highest relationship of all those ~ ©1 ./:/
found for all the parameters. 0 T [ Y X0 T ‘ T

As has been stated in the introduction, one of the aims of this 0 2 4 6 ) 10
work is to try to obtain a better knowledge of the behaviour of Basin lithology value

thfase Mediterranean rivers during their low flow periods. For Figure2 Q25d/mand LIT values for each basin and the regression line
this purpose, the Q25d flow has been taken as the parametey, . .4

for characterising low flows (in other studies it has served as

a good ecological flow estimator), while its standardised value, . . ] .

Q25d/m, is the parameter that presents the highest correlatiofoUnd that the best .model is th? simple linear regression model,
with the basin variables of all those considered. It has therefore®" Multiple regression model in the event that more than one
been decided to search for a model for this value which would €XPlanatory variable is used.

be useful for estimating it when the values of the basin variables ©ONce the models were found, the residuals were represented
that influence it are known. against the values forecast by the model, and in this way it was

To complete the information on the basin variables that can Verified that there was no linear dependence and no correlation

influence low flow hydrological behaviour, the mean flow of the between the residuals. _ _ o

rivers has been included in order to improve the models thatwere 1he Dest model, which presents the highest significance

sought for both Q25d and its standardised value Q25d/m. The?&tween Q25d/m and LIT, is as follows:

following table (Table 7) shows the values of the most significant Q25d/m= —0.1+ 0.055LIT R2=71.62%

relationships calculated in this new analysis of relationships with r=0.846 standard deviation= 0.077

the Q25d flow. . . . .
With these results, the basin variables are selected which may Forthe secpnd model, s.tepw_lse multiple linear regression was

be explanatory for the values of both Q25d/m and Q25d. Theused to examine the relationship of the Q25d low flow parame-

. . . ter and several basin variables. Finally a regression model was
regression process has then been carried out in a step by step W%y ) . . . S
. . . eveloped with two variables that exhibited statistically signifi-
in order to achieve the most suitable model.

cant coefficients. After this it was verified that a greater number of
explanatory variables did not contribute any further information
to the model. The best model between the non-standardised Q25d
flow and the explanatory variables of the greatest significance is:
For the first mod_el,_whose explained variable is Q25d/m, the Q25d= 3.94+ 0,102+ mean flow—0.005+ETP
values of the basm lithology varlablg have been used. As for the R2 = 47.28% standard deviation= 0.941m%/s
second model, which seeks to explain the Q25d values, the expla-
natory variables used were the mean flow, basin area and ETP.  Figure 3 shows the representation of the recorded values
In order to use parametric statistical methods, the results thacompared with the values forecast by the model.
yield information about the distribution of the variables which
are to be used in the model have been checked. According to Model Q25d-Module-ETP
these values, the variables and parameters come closetoanormal 55
distribution with 90% significance.
Continuing with the methodology described in the statistical
analysis, an attempt was made to find the best model that comes3
closest to the value distribution of the fitted variables, it being

Models found

Model val

Table 7 Correlation coefficients and statistical signif-
icance between Q25d and the studied parameters.

Mean ETP Area

Q25d 0.5305**  —0.4405* 0.6191*** Q25d (m3/s)
#4996 significance. Figure 3 Observed values compared with the values obtained in the
*95% significance. model using Q25d, mean flow and ETP.




256 Domingo Baeza Sanz et al.

Discussion these basins control flood flows and, also helping to avoid the
occurrence of great variability over the yeatr.

The hydrological parameters used in this study have served to An exceptional comportment has been observed in the case of

describe river regimes in a reasonably complete way, characterrivers situated in very large basins, their hydrological behaviour

ising a wide variety of regime types found in a very large drainage is found to be different to that of other rivers belonging to the

basin with a considerable lithological and geographic variety andsame group and, does not show the regularity seen in the rest of

a notable rainfall gradient from west to east. the group (Prag¢t al., 2000; O’Shea, 1995). This may be because

Some parameters have clearly identified the regularity of theof the tributaries that are received from basins with different char-
rivers, and in this respect CVintra is an especially useful value. acteristics and the fact that the hydrological characteristics of the
This parameter, first used in England by Gustardl. (1992), receiving river are a mixture of the inflows of its tributaries, dilut-
clearly discriminates between regular rivers, with values of lessing the regular characteristics of other smaller rivers. Therefore
than 1, and highly irregular rivers, with values in excess of 1.5. it has been observed relationships with DIFannual, and with the
Gustard notes that coefficients of more than 1.5 are typical ofnumber of times the river’s flow drops below the minimum thresh-
irregular rivers and, this is the case with 12 of the 25 studied old (N < SD), whereby rivers with large basins show frequent
rivers in this basin. changes in flow tendency and extreme events.

Other hydrological parameters that characterise high flow situ-  The lithological variable has been the most elaborated, since
ations (like Q18) or low flow situations (like Q25d) have correctly the shortage of rain in summer suggested it would bear an impor-
identified rivers in which exceptional events occur. The opposite tant weight in the low flow values of these rivers, and thus also
situation are present in those where the extreme are not very difin the parameter used as an estimator of ecological flow (Q25d).
ferent from the mean flows and situations of great stress do nofThis was confirmed with the results obtained for the hydrological
occur in the hydrological systems. parameters, in which a group of rivers with high low flow values

On the other hand, the parameters DIFannuak 8D and is clearly identified, and with a series of descriptors that pointto a
N < SD have been found useful for finding rivers in which situ- regularand predictable hydrological behaviour. All of these rivers
ations that cause stress in the ecosystem are very frequent overe situated geographically close to each other and present simi-
the year, due to the highly fluctuating nature of the rivers. The lar hydrologeological characteristics. These rivers have flows of
hydrological significance of these two groups of parameters,subterranean origin that account for more than 50% of their total
which indicate the magnitude and the frequency of events, will inflows, and in some cases, more than 65% (L6pez and Celaa,
have very different biological consequences. It will be inter- 1983; IGME, 1983). Apparently, the reason for these high inflows
esting to take these considerations into account, for instances the presence of Mesozoic aquifers in the area.
when planning dam discharge schedules, since the way this is In order to verify the impact of aquifers on hydrological
done will need to be very different in rivers that have very fre- variables, it has been considered in the basin variables only
guent high flows of a moderate magnitude, compared with thosethe surface occupied by water-bearing and the its capacity to
that have very large high flows on just a few occasions duringlodge water, due to the lack of information on transmissiv-
the year. ity and other physiographical aspects (appearance of folding,

With regard to basin variables, the greatest interest lies inescarpment, encased valleys, etc.), these aspects will have to
those that establish the highest number of relationships withbe including in future models to improve them.
hydrological parameters. These variables have been useful both The next variable with a great impact on several parameters is
for preparing the models and for explaining certain aspects ofevapotranspiration (ETP), which has an important influence on
hydrological behaviour in the studied stretches that have beerlow water flows. It is interesting to see that the effects due to
characterised by the studied parameters. Furthermore, thosextreme ETP values in the basins depend on the type of wood-
which are considered to be most influential in the functioning lands presentin the basin. When this variable is studied in relation
of the system will be those that must be taken into account whenwith the forest area the results for low water flows seem to be
establishing guidelines for differentiating ecoregions when clas-conditioned by the kind of trees predominant in the basin (Prat,
sifying similar fluvial systems, like those currently under way 1997). Thus, in rivers where the basins possess a high propor-
in compliance with the Water Framework Directive (Oberdorff tion of woodland areas consisting largely of deciduous species,
et al, 2001). low water flows are found to be very low. In contrast, basins,

The curve number is one of the variables with the greatestwhich possess larger woodland areas but in this case correspond-
number of correlations with the hydrological parameters anding to pinewoods, low water flows are acceptable. This suggests
establishes relations with rivers of similar nature. Rivers with a more in-depth investigation, not only to the total value of water
high values are geographically close to each other, as also itost by evaporation but also to the kind of forest cover, must be
happens in three rivers with low values. This identifies similar development.
hydrological behaviour in rivers with the same N values (curve  Incontrastwiththisidea, itis seenthat the forest cover percent-
number) and, also with a reference to the geographic location ofage is not significantly related with any hydrological parameter,
their basins. not even those that measure or represent low water flows. We

The negative correlations of this variable with hydrological have also found that the total precipitation is not determining
parameters that represent high water flows, support the idea thah the behavior of these rivers; we should take into account
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the possibility of including a value to measure intensity, or the values. Similar variables have been compared in different ways
amount of precipitation in critical months, or the difference on other rivers, obtaining good results, limited in some basins,
between rainy and dry seasons. This idea is supported by instanceither because of their size or for other morphological reasons
by the flow that presents some rivers in the dry period, basinsthat are yet to be researched.
with low rainfall levels maintain high low water flows; which
reinforce the argument to consider the importance of aquifers in
these basins and, the order in which the received precipitationConclusion
has been flowing to the river throughout the year.
The hydrological regimes of 25 rivers in central Spain have been
characterised using variables that provide information on the
behaviour of these rivers in the so-called components of the nat-
Two models have been obtained which may be applied withoutural regime of rivers: magnitude, duration, frequency, timing and
excessive fieldwork to calculate low water flows, which could rate of change. This group of variables has also allowed groups of
also serve as ecological or maintenance flows, from easy-to-getivers to be identified whose regimes present similar behaviour.
basin variables. In the first model a standardised ecological flowFor some of the variables and some groups of rivers, a relation-
value (ecological flow divided by medium flow) is obtained. This ship has also been found with their geographic location within
is an interesting index for characterising the river regime, for the Tagus basin. On the other hand, consideration has been made
which itis necessary to know the basin lithological composition. of a number of basin variables that condition the hydrological
In the second model the values of ETP and the mean flow mustesponse of rivers, and finally ETP and lithology have been cho-
be entered as explanatory variables. sen as the most useful variables which explain several of the most
While ETP is a variable that is widely used in many models, important events of the hydrological regime in these rivers. The
and is normally available from weather stations, the LIT vari- total precipitation is not a highly determining factor, especially
able from the first model is an original contribution of this work. in those basins where the aquifers are very thick, and it may
To obtain it, it is necessary to have a good geological classifi- perhaps remain to carry out research on the influence of rainfall
cation of the basin. A Geographic Information System (GIS) is distribution.
a very useful tool for achieving greater precision in the mea-  Another of the proposed objectives was to find variables that
surement of basin areas. In similar studies, relationships wereserved as potential discriminators of groups of rivers with similar
found between the river size and the quotient of the value usedhydrological behaviour, with a view to obtaining fluvial ecologi-
as an estimator of ecological flow and mean flow (O’Shea, 1996;cal regions for the purposes of future management and assessment
Orth and Leonard, 1990). This quotient was also clearly relatedof their quality. This point has been partially addressed by find-
with the area where the basin was located and especially with itding a number of basin variables that have many relationships

The models

lithological constitution. with many of the hydrological parameters, and therefore, at least
The first model has a considerably higher determination coef-statistically, have a great influence on the regimes of these rivers.
ficient, R =71.62%, than the second model? R47.28%, The models found, work fairly well in small basins, and can

indicating that the first model explains a much higher percentagebe very useful for estimating low flow or maintenance flow val-

of the variance of the explained variable than the second modelues in basins without gauging data. This may serve to establish
Either of the models would serve to obtain the characteristics ofrecommendations regarding basin management and to establish
the flow regime of the rivers in the absence of flow data records,a series of particular maintenance flows for each basin, consid-
a situation that is fairly frequent in many basins where gauging ering the relationships and influences of the environment on the
stations do not exist. rivers.

In both of the two calculated models a series of pairs of val-  In order to improve the model in future applications we must
ues has been observed for the variables in certain basins whicincorporate the knowledge on water-bearing. This means the need
correspond to unusual values or which differ greatly from those to obtain data on the infiltration coefficient, aquifer permeable
obtained by the model. These values were obtained in rivers thatirea, thickness, effective porosity, transmissivity and permeabil-
have in common basins that cover very large areas. This contraity, as well as certain geomorphological features that indicate
dictory behaviour, in rivers with large area basins, has also beerflow directions. On the same form, also we will have to incorpo-
seen in relation with other parameters. The same results haveate other parameters that explain the regularity found in some
been obtained in Australia (Lacey and Grayson, 1997), in a studyrivers, such as the accumulation of precipitation water in the form
that sought to establish a model between a ecological flow and thef snow, or the role that the detritics rocks play in the water accu-
basin lithology, finding that the model also failed in large basins mulation, since also some rivers with part of their river basins in
but was very effective in basins smaller than 10Gkm these formation present regular character.

The determination of these models was found to have two The environmental flow results obtained with these models
immediate applications: one is to obtain hydrological parameterscan be compared with those calculated by other methods. Finally,
that may serve as an estimator of ecological flows in basins with-it remains to implement those recommended flows in real river
out flow gauging. The second is to gain a deeper knowledge of thestretches and to maintain the components of the natural flow
variables that influence low flow periods on these rivers and theirregime within the organisation of natural variation in regulated
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rivers, in order to verify their validity. Experiments need to be car-
ried out to evaluate the biological response in these river stretches

when a management programme based on the proposed flow3.

values and their variation is implemented.

14.

References

10.

11.

12.

15.

ARINO, G. andSASTRE, M. (2002). Las bases de la Direc-
tiva Marco. In: La Gestién y el Control del Agua frente
a la Directiva Marco. Departamento de Quimica Agricola,

Geologia y Geoquimica. Facultad de Ciencias. Universidad16.

Auténoma de Madrid.
Bagza, D. and Gircia DE JALON, D. (1997). “Caracteri-

zacion del régimen de caudales enrios de la Cuenca del Tajd 7.

atendiendo a criterios biol6gicod,fmneticg 13, 69-78.
Bagza, D. and G\RciA DE JALON, D. (1999). “Célculo de

Caudales de Mantenimiento en Rios de la Cuenca del Tajo &.8.

Partir de Variables Climaticas y de sus Cuenciisinetica
16, 69-84.

Boveg, K.D. (1982). A Guide to Stream Habitat Analysis 19.

using the Instream Flow Incremental Methodology. Instr.

Flow Inf. Paper12. USDI Fish and Wildl. Serv. Washington, 20.

248 pp.

CEDEX Centro de estudios hidrogréaficos (2000). Aforos de 21.

la cuenca del Tajo. Centro de Estudios y Experimentacion
de Obras Publicas. Centro de Estudios Hidrogréaficos. Min-
isterio de Fomento.

DeL Rosario, R. and RsH, V. (2000). “Invertebrates in
Intermittent and Perennial Streams: Is the Hyporrheic Zone
a Refuge from Drying?,Journal of the North American
Benthological Society

FORTEZA, M. (1984). Caracterizacion Agroclimatica de las
Provincias Espafiolas. Ministerio de Agricultura Pesca y
Alimentacion.

&aN, K.G., MCMAHON, T.A. and RNLAYSON, B.L. (1991).
“Analysis of Periodicity in Streamflow and Rainfall Data by
Colwell's Indices,”Journal of Hydrology 123, 105-118.

GARCIA DE JALON, D. (1990). Técnicas hidrobiolégicas para 25.

la fijacion de caudales ecoldgicos minimos, in A. Ramos,
A. Notario and R. Baragafio (eds.), Libro homenaje al Pro-
fesor D.M. Garcia de Viedma, FUCOVASA, UPM, Madrid,
pp. 183-196.

GARCIA DE JALON, D., GONZALEZ DEL TANAGO, M. and

Casapo, C. (1992). “Ecology of Regulated Streams in 26.

Spain: An Overview,Limneticag 8, 161-167.

(ARCIA DE JALON, D., GUTIERREZ, B., MORILLO, M.,
MATINEZ, F., BaSELGA, S. and BEza, D. (1997)(1).
Realizacion del célculo de aportaciones ambientales y cau-

dales ecoldgicos minimos en la cuenca hidrografica del rio27.

Tajo. Departamento de Ingenieria Forestal E.T.S.l. Montes.
Universidad Politécnica de Madrid. CEDEX.
GARCIA DE JALON, D., GUTIERREZ, B., MorILLO, M. and

MATINEZ, F. (1997)(2). Calculo de caudales ecolégicos en el 28.

ambito de la Confederacion Hidrografica del Guadalquivir.

22.

23.

24.

Convenio UTE Hiberhidra S.A. e INYPSA — Fundacién
General de la UPM.

&ARCIA DE JALON, D. (2003). “The Spanish Experi-
ence in Determining Minimum Flow regimes in Regulated
Streams,'Canadian Water Resources Jourr2s(2).

QUSTARD, A., BuLLock, A. and DxoN, J.M. (1992).
Low Flow Estimation in the United Kingdom. Institute of
Hydrology Wallingford. UK.

BANEZ, C., RAT, N. and Q\NICIO, A. (1996). “Changes in
the Hydrology and Sediment Transport Produced by Large
Dams on the Lower Ebro River and Its EstuaRg¢gulated
Rivers 12, 51-62.

IGME (1983). Investigacion Hidrogeolégica de la Cuenca
del Tajo. Coleccién Informe. Ministerio de Industria y
Energia.

LACEY, G.C. and GAYSoN, R.B. (1997). “Relating Base-
flow to Catchment Properties in South-Eastern Australia,”
Journal of Hydrology 204, 231—-250.

Lopez, L. and Riz CeLaA, C. (1983). Sintesis Hidroge-
olégica de la Cuenca del Tajidl. Simposio de hidrogeologja
637-647.

MARGALEF, R. (1983) Limnologia Ed. Omega. Barcelona.
1010 pp.

Ministerio de Agricultura, Pesca y Alimentacién (1995)
Segundo inventario forestal nacional. ICONA, 1986—95.
MINTEGUI, J.A. and RBREDO, J.C. (1993). Métodos para
la estimacion de los efectos torrenciales en una cuenca
hidrogréfica.E.T.S.l. Montes. Fundacion Conde del Valle
de Salazar.

NATHAN, R.J. and MMAHON, T.A. (1991). Estimating Low
Flow Characteristics in Ungauged Catchments: A Practical
Guide, University of Melbourne.

OBERDORFF, T., FONT, D., HUGUENY, B. and GiESSEL, D.
(2001). “A Probabilistic Model Characterizing Fish Assem-
blages of French Rivers: A Framework for Environmental
Assessment Freshwater Biology46, 399-415.

QLDEN, J.D. and Brr, N.L. (2002). “Redundancy and
Choice of Hydrologic Indices for Characterizing Streamflow
Regimes,River Research and ApplicationE3.

ORTEGA, M., SUAREZ, M.L, VIDAL-ABARCA, M.R. and
RaMIEREZ-DiAz, L. (1991). “Aspectos dinamicos de la com-
posicion y estructuras de la comunidad de invertebrados
acuaticos de la Rambla del Moro después de una riada
(Cuenca del rio Segura: SE de Espafd)fhnetica 7,
11-24.

OrTH, D.J. and lEoNarRD, P.M. (1990). “Compari-
son of Discharge Methods and Habitat Optimization for
Recommending Instream Flows to Protect Fish Habi-
tat,” Regulation Rivers: Research and Managememnt
129-138.

O’'SHEA, D.T. (1995). “Estimating Minimum Instream Flow
Requirements for Minnesota Streams from Hydrologic Data
and Watershed Characteristichlgrth American Journal of
Fisheries Management5, 569-578.

Parau, A., ALCAZAR, J., ALCACER, C. and R, J.
(1998). Metodologia de calculo de regimenes de caudales de



29.

30.

31.

32.

33.

34.

35.

Basin influence on natural variability of rivers in semi-arid environment259

mantenimiento. Informe técnico para el CEDEX. Ministerio
de Medio Ambiente.

R:NA SANCHEZ DE RIVERA, D. (1994) Estadistica modelos  36.

y métodos. Ed. Alianza Universidad Textos. 745 pp.

RRAT, N. (1997). “Retos para la conservacion de los rios,”
Ecosistema20/21, 43-47.

RRAT, N., MUNNE, A., RIERADEVALL, M. and BoNADA, N.
(2000). La determinacion del Estado Ecoldgico de los
Ecosistemas Acuaticos en Espafa in: La aplicacién de la

Directiva Marco del Agua en Espania: retos y oportunidades.38.

Instituto Internacional de derecho y medio ambiente.

Rorr, N.L. and WARD, J.V. (1989). “Implications of Stream-
flow Variability and Predictability for Lotic Community
Structure: A Regional Analysis of Streamflow Patterns,”
Can. J. Fish. Aquat. S¢i46, 1805-1818.

Porr, N.L. and ALLAN, J.D. (1994). “Functional Organiza-
tion of Stream Fish Assemblages in Relation to Hydrological
Variability,” Ecology 76(2), 606—627.

Porr, N.L., ALLAN, J.D., BaIN, M.B., KARgr, J.R.,
PRESTEGAARD, K.L., RICHTER, B.D., $ArLS, R.E. and
STROMBERG, J.C. (1997). “The Natural Flow Regime,”
Bioscience47(11), 769-784.

STHMUTZ, S., KAUEMANN, M., VOGEL, B., UNGWIRTH, M.
and MuHAR, S. (2000). “A Multi-level Concept for

37.

39.

40.

41.

Fish-based, River-type-specific Assessment of Ecological
Integrity,” Hydrobiologia 422/423, 279-289.

RCHTER, B.D., BAUMGARTNER, J.V., POweLL, J. and
BrauN, D.P. (1996). “A Method for Assessing Hydro-
logic Alteration Within EcosystemsConservation Biology
10, 1163-1174.

RCHTER, B.D., BAUMGARTNER, J.V., WIGINTON, R. and
BrauN, D.P. (1997) “How Much Water Does a River
Need?,"Freshwater Biology37, 231-249.

ResH, V.H., BRowN, A.V., CovicH, A.P., GQurTZ, M.E.,

L, HW., MINsHALL, G.W., REICE, S.R., $IELDON, A.L.,
WALLACE, J.B. and WssMAR, R. (1988). “The Role of
Disturbance in Stream Ecologyjournal of the North Am.
Benthol. So¢.7(4), 433-455.

U.S.D.A. Soil Conservation Service (1978) “Predicting rain-
fall erosion losses — A guide to conservation planning,”
58 pp,Agriculture Handbools37 — Washington.

WaLTON, W.C. (1965). Groundwater Recharge and Runoff
in lllinois. lllinois State Water SurveyReport of Investiga-
tion 58, 55 pp.

YounaG and NEmi (1990). “Recovery of Lotic Communities
and Ecosystems from Disturbance-A Narrative Review of
Case StudiesEnvironmental Managemerit4, 547-569.






