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steact

[he biotic composition, structure, and function of aguatic, wetland, and riparian ecosysiem depend largely on
irological regime (Poff, N.L., Ward, 1.V., 1990. Implications of streamflow variability and predictability for
nmunity structure; a regional analysis of streamflow patterns. Can. J. Fisheries Aquat. Sci. 46, 1805-1818; Ric
3. Baumgartner, 1.V, Wigintor, R., Braun, D.P., 1997 How much water does a river need? Freshwater Biol. 37, |
Y. Available flow data for many rivers in the world can be used to validate these ecological theories. There
nand for stodies that use hydrological indices to establish criteria, which serve to group together regime types
al level. Once this has been done, these hydrologically similar groups can be used to identify communities of li
anisms that are linked to specific aspects of the niver's behaviour.

tn approach to characterise flow regimes in the river network of the Tagus basin in Spain is presented. The
gus {rie Tajo) is one of the seven major rivers of the lberian peninsula. All hydrological data were acquired from
asurements made in the Tagos basin, at 25 ganging stations. Twelve variables were derived for each gauged sil
wcribe variability and predictability of average streamfiow conditions, and to describe the frequency, timing
ansity of high Bow and low flow extremes.

& hierarchical clustering routine was used 1o identify similar groups of rivers as defined in terms of sir
iracteristics of their streamflow regime, The varables were also examined with simple correlations to determir
lticollinearity occurred, in order to reject redundant parameters or to identify similar behaviour trends between pai
ameters. Some parameters have shown a tendency to increase or decrease along the east-west axis, suggesting
ne of the siudied characteristics may have a geographical cause,

Cluster analysis, with the values of the |2 parameters, reveals two main groops, cach of which splits into two |
wdivisions. One of these subgroups contains six rivers with similar characteristics, can be considered to be ‘cl
wular rivers', the stations in this first subgroup are mostly sitvated geographically close to each other. At the other
have found a subgroup, with a high variation of flows over the year and high flood fiows; these rivers are hi
sgular rivers with great changes. This regular-immegular gradient found between the groups is similar to that obse
others anthors (Poff, M.L.. Allan J.D., 1995, Functional organization of stream fish assemblages in relatio

Comesponding author, Fax: +34 91 336 6386,
E-mail addresses: dobaeza@hotmail.com (D. Boeza Sanz), dgjalon @montes.upm.es (0. Garcia del Jaldn).



Irological variability. Ecology 76, 606—627), and strong associations have been documented with Composition
mlations and probably reflect differences in other similar important environmental factors.

2005 Elsevier B.Y. All rights reserved.
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[ntroduction

The complexity of luvial ecosystems is a result of
constant changes and fluctuations to which these
tems are subject, of which streamflow is the
ential representation. Variations in the streamflow
ine the Aow regime, which is characteristic of each
or and differs from stretch to stretch, Human
ervention in these systems can lead to the
tructuring of the populations that inhabit it (Poff
al., 1997) with fatal consequences and the
erioration of the physical environment and
processes that take place between this and the
coenoses it supports (Frissell, 1997). At the present
e there are several currents of opinion that justify a
hly detailed study of river flow regime types (King
l., 2000). Recent work has tended to be focused on
v aspects; evalvation of the alteration of natural
imes by human intervention and classification of
ime types at local level. Studies of the latter type
of greater relevance in Europe since the Water
mework Directive (WFD) has promoted integral
er management with the aim of achieving an
imum ecological state of rivers. This objective
kes a new type of models necessary, which relate
response of aquatic ecosystems to changes in the
'sical environment, The concept of ecoregions,
ich the WFD promotes as a working methodology,
5 for a description of the particular characteristics
he European regions that condition the functioning
their rivers, within which it is imperative o
sider ecohydrological variability. For this reason
ntion needs to be paid to parameters that are
istically modelled on a regional scale. Such
ameters may include geomorphological
tors, aqualic communities and hydrological
siderations (Wasson et al, 2003; Dorge and
adolf, 2003).

The adaptation of living organisms to a particular
ime type has been identified and studied in manv

between species, and experimentation. The mod:
adaptation differs between cases, species and reg
types, and these important characterstics of rum
water ecosystems have served to show the tremend
impacts that are produced in aquatic ecosystems
modifying the magnitude, frequency and duratim
extreme hydrologic events, with which the rf
communities synchronise their life cycles (Lytle
Poft, 2004,

Among the changes caused to river systems by
alteration of natural flow regimes, researchers 1
have a reasonably precise knowledge of the ¢
sequences on physical systems, such as the moc
cation of geomorphologic processes (Wolman |
Miller, 1960; Miller, 1990; Poff et al., 1997), and
biocoenoses, such as the destabilisation of populati
of living organisms; especially fish (Nesler et
1988; Maesje et al., 1995; Seegrist and Gard, 19
Sparks, 1995; Welcomme, 1992), macroinvertebr:
(Mufioz and Prat, 1996; Garcia de Jalén et al, 19
Gil Quilez et al., 2000; Casado, 1986; Casado et
1990) and riparian vegetation (Fenner et al., 19
Swromberg and Tiller, 1996; Shafroth et al., 20(
Sudden changes in the streamflow cause h
mortality among fish species (Poff et al., 1997),
has also been witnessed in studies performed in Sp
(Garcia de Jaldn et al., 1988, 1994; Casado et
1990). Another consequence is an increase in n
native populations, in some cases placing the nal
fauna at risk of extinction (Moyle and Light, 19
Stanford et al., 1996; Morillo et al., 2002).

Aquatic organisms can resist perturbati
thanks to different adaptation mechanisms 1
they have developed over the history of tl
evolution in coexistence with particular streamflc
(Lancaster and Belyea, 1997; Del Rosario |
Resh, 2000; Winterbottom et al., 1997), allow
their populations to recover from stress situati

caused by extreme events in the natural regime. |
this reasom it iz alen  inferestine  fn know
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conditions, so that 1 a new regime 15 established,
these can be maintaimed within imervals of values
that are bearable by aquatic organisms, This is why
the description of a streamllow regime must take
imio account a broad group of hydrologic values
and the range of their variability, considering their
implications on the swrecture of the river’s popu-
latioms {Poff and Wuard, [%54).

A first step for restoring or mainlaining
ceosystems inoan oplimum  ecological Siate is o
identify the main characleristics of the extremae
hydeological events o esch region, since these will
he the wvatues 10 which the living organisms thi
inhutbit them are best adapted. Since the scceplance
of the matveal flow regime pacadig (PofT el al.,
[9970, a number of projects are being underiaken
in differem parts of the wordd, [or exsmple. m
Europe (FAME fish indicator monitor for european
rivers) and FRIEND (Breil, 2004} which use
relevant indices to growp wogether Lypes of regimes
with ecological sense and find relationships with
biological charscrevistics (Breil and Boer, 2004).
The work of Olden and PolT (2002) offers a good
compilation of the different parsmeters that have
been wsed in a wide range of projects. The wltimate
wim is to fnd a sel of simple values whose
coleulation provides a knowledge of the streawmfow
characieristics that have the preatest repercussion
on populatons of living organisms and which will
need 1w be considered when esiablishing new
streamflow regimes in managed basins,

This paper chareclerises Qow regimes in the
Tagus basin river setwark in Spain and uses the
results obtdined, w ry w establish groups of rivers
with similar behaviour in order w0 be vsed as @
management tool. The river Tagus (rio Taje) is one
of e seven major rvers of the Iberian Peninsula
and its basin covers 53,769 km® in central Spain
before continuing inte neighbouring Portugal. Being
a very exiensive basin it possesses a wide variely
of peomorphologic and climatic conditions (Beeza
and Garcia de Jaldn, 1997, Aremllas, 1994, This
wiork identifies relevant indices and  establishes
erowps of similar regimes. leaving the way open
tn find the correspondence between these growps
and the sgqustic and riparien communities that are
found in the rivers

2, Melhodology
2.1, Parameters uxed

Srreamflow valves were taken from the measure-
ments made in the Tagos basin suuging network
(CEDEX, 1947 daily flows recorded at 23 gauging
stations, The main condition Toy the selection of these
stations was Lhat the rivers should mot be contralled by
imporant waler management imfrastruciores o onder
i obiain similar sireamflows to the natural regime.
An altempt wos also made w0 ensure the maximum
representition of the hasin's hydrologic variability.

The selecied stations, starting rom the easi, the
head of the basin, were, on the right bank, those locaed
on the rivers Gallo, Dulce, Herares (with two stations,
ot Huomanes and Bujalaro), Tajufia, and, on the lefi
bank, on the rivers Guadiela, Escabas, Trabague,
Ciuadamejud and Mayor, as well a5 one station on the
river Tagus itsa2ll. These 11 stations were all situaied m
the head of the Tagus basin. Following on the raght
bank, Erom east Lo west, are the stations located on the
rivers Lozoya, Perales, Cofio, Alberche (with two
stations, at Burgohondo and Navaluengal, Tiétar (also
with lwo stations, al Arenas de San Pedro and
Rosarite), Jerie, Cuerpo de Hombre and Alagon, the
fatter being the most westerly station, and finally, on
the left bank, on the rivers Cedena, Thor, Ceernacabiras
and Almonte. The nvers with more than one station,
this take aceount only in 1w cases, were henceforth
referved to by the nver same for the first station and the
station name for the second.

The hydrologic parameiers that have been assessed
reflect fundamental characteristics of the Mow regimes,
such as the miensity, doration and Freguency of
extremes in high water and low water flows. Atlention
12 alzo paid 10 the characienstics of the variations that
oocur duning the yeor and between dilferent years,

For this purpose |2 parsmeters have been calou-
laged, One of the objectives of this work is o evaluaie
whether these parameters are sufficient, since other
similar studies have considered a greater number
(Richter et al., 1997), and i conclusions musi
establish whether they yield sufficient mlormation
for the miended purposes.

For the sake of uniformity, it has been attempled L
obtan data for an approsimately equal nomber of
wvears [or each panping siation. thowgh due 10
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availability problems this has not been possible in
every case (CEDEX, 19990, The swdied parameters
include the Following.

2.2, Parawneters that defiere Righ flow periods

— @18 is the daity Dow that is exceeded by only 5%
of all days in the year, It is waken o represent
the magnitude of high fows. Q18 has been divided
by the mean amnual Now (o obain Q18/m,
a standardised value that is more appropriate for
subsequently comparing different types of regimes.

= D= M i the number of days in the year that the
mean annual flow is exceeded. 1t represents the
duration of high waler periods.

- N> 50 is the number of days in the year that the
mean annudl Aow ples the intraannual standard
deviation is excecded. It represents the frequency
of high water pericds in the year.

2.3 Parameters that define low flow periods

— (2347 is the daily fow that is exceeded by 95% of
all daily flows in the year. I is taken 10 represent
the magnitude of low Nows.

= 2% 15 the lowest mean low value found in the
year for a group of 25 consecutive days. This
parameter 15 representative of the duration and
magnitude of the lowest group of lows in the vear.
[tz calcufation is somewhat more complex and
imvelves finding the moving average of daily flows
for every 25-day period in the stdied years.

= W< 8D indicates the numbser of tines that the daily
flow is less than the mean annual Tow minus the
intraannual stendard deviation, This parameter
represents the frequency of fow waler periods in
the year.

The first two have alse been standardised by
dividing them by the mean annual low abaining the
parameters Q34 7m and Q25d/m.

2.4, Parameters that reflect flow varianion
aver e vear

= CVintrg is 1he coefficient of iniraannual variation. It
represents the magnitude of the dispersion of daily
flow values in the year. Alter calculating the mean

annual flow, the standard deviation is found and the
quotient between the two values is established,

- Torventiol is the dilference between the flow on the
day of the year that the river caries the greatest
amount of water and the mean annual flow,
This parameter measures the tomential behaviour
of rivers (Margalel, 1983).

= DiFannual represents the frequency of Mow
tendency reversals in the year. Tt is caleulated by
counting the number of times esch year that the
amount of water carried by the river stops
increasing and starts (o decrease, or vice versa,

2.5, Paramerers thar reflect vartation between vears

— CVinrer 15 the coellicient of interannual vanmation,
It characterises the magniwde of the dispersion
hetween mean annual Aows in the studied hydro-
logic series. The mean annoal Mow of exch river is
caleulated for each year, in order 10 subsequently
find the standard deviation of these mean annual
vilues dnd o caleulate the quotient between the
fwn values,

— frregeefore is the quotient between the mean annual
Aevws of the years with the hizhest and the lowest
mean values of the entire series. Il represents the
dilference between hydrologically abundam years
in terms of streamllow and the driest vears,

= Drymontf is the percentage within the studied years
that the river has dried up for peniods of at least one
month. [t represents the vanability within {he
studied years in which & drought occors with a
sufficient duration to have biotogical repercussions,

Once the 12 values were calculated for the 25 studied
stations. atestwas performed tomeasure the correlation
between the parameters, taken two by two, in order o
Tl prssible linear relationships between them with the
aim of rejecting redundant parameters or idenlifying
similar behaviour rends between pairs of parameters.

Afer this o clustering study was performed, each
river was characterised according o the studied
parameters and Torming clusters by measuring the
distances between the rivers amd grouping together
those siluated closest (o each other (Pefa, 2000), This
statistical teeatment served o compare the similarities
between complete regimes and to establish pairs or
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Tabde 1
Statistics of the indices that characterise high water perods

QU8 Qiftm DM N=8D
Mean 10,20 115 17 4.76
Median 12,05 XL 12 430
Srandard deviztien 1142 0.50 24 131
Interquantile ramge 2283 1.40 kL 165
Muaxienum Rosario 10788 Almonte 5,15 Dnalce 159 Alberche 1160
Minimum Guadal. (L78 Dl 1.87 Cedena 68 Peralbes 1.70

Streamfows shown in m'/s,

groups of fvers with similar characteristics in terms
of their streamflow regime.

3. Results

3.1 Parameters used to characlerise

high flow periods

The parameters that define high flow periods are
Q18, D> M and N> 5D; Table | presents the resulis
of statistical enalysiz of the high flow value sets,
calculating the mean and median as values of central
tendency and the standard deviation and interquartile
range as indices of dispersion, These four values
provide information on the shape of the distribution,
indicating whether it is similar to a normal distri-
bution or if there iz any bias (Fig. 1)

The table also shows the maximum and minimum
values obtained for each parameter, identifying the
rivers that have given these values, e.g. the highest
absolute valee of Q18 (107.88 I.'E'!.!.Irs} is recorded at
Rosarite station and the lowest (0.78 m%/s) on the
river Guadalmejud.

From the mean and median values of Q18 and from
the frequency distribution shown in Fig. 2, it can be
interpreted that the distribution of values found for this
parameter diverges from a normal distribution,
probably because Q18 represents a measure of extreme
flow values, and it has been demonstrated in many
basins that parameters of this type are better fitted by
ather distributions such as Gumbel's (Chow et al.,
1988).

The graph of Q18/m standardised values (Fig. 3)
allows the entire series of rivers o be compared. As
can be seen, there seems (o be a tendency for this

Fig. 1. Spanish Tagus Basin showing the gaoging stations considered in the study.
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L. Frequency distribution of values found for Q18, showing a
y immegular distribution,

e to rise from right to left. Since the basins have
1 located in geographic order, this indicates an
gase in Q18/m values from the rivers situated in
zast (0 the rivers situated further to the west

Parameters used to characlerive
water periods

‘he parameters used to study low flow situations
Q25d, Q347 and N<SD, Table 2 identifies
rivers where the extreme wvalues have been
rded, and illustrate the range considered in this
k. The dispersion of values found for the
meters Q347 and Q25d is very high. In contrast,
| the standardised values Q347/m and Q25d/m,

ST T T e e

the mean and median are fairly similar, and |
distribution of values can be said to be closer
normal distribution. The frequency distribution of |
values of Q25d/m and Q347/m (Fig. 4) shows a ma
class, which is that of the lowest value, correspondi
to the rivers whose low water flows represent |
times the mean flow. This means that many of |
studied rivers present very small low water Aows,
times lower than the mean annual flow.

Like with QI8/m, the wvalues of Q347/m a
Q25d/m show a geographic localisation, but in o
case with a tendency for the values to decrease alo
the east—west geographic axis (Fig. 4).

3.3, Parameiers used to characterise
the variation in flows over the year

The parameters that characterise intraannual va
ation are CVintra, Torrential and DIFannual, T
statistical analysis and extreme results are shown
Table 3. The mean and median values and 1
frequency distribution show fairly good symmet
especially in the case of DIFannual (Fig, 5), which
that which most closely approximates a norn
distribution,

With the Torrential index, the value class 9 is 1
major class indicating that very occasionally in |
year very extreme flows occur which exceed the me

Values of Q18/m and CVintra

o

g TR R

& g1arm B Cvinea |



n: I Baema Sanz, DL Garcia el Foldn £ dovrmal of Hydrodogy 370 (2005 ) 266-27%

Taile 2
Srarieales of the indices that chamcierise hpw water periods
347 QMNm Q25d Q2 5dm N<SD

Mean i} w171 Nl 017 3
Medisn 0?7 0147 021 0164 .30
Standard devestion (L 0.140 122 0133 T
lenerquanmile range 075 0241 073 021 20
Mazamam Gigadic, 4.01 Escabas 0,433 Crapdie. 542 Gallo 0.434 Alberche 840
Minisum Perales 0.01 Aldmsonte 0006 Perales (L1 Perales 0005 Ceadena 0,60

SrreamnBuws shown in e

flow by nine times, and which are much higher than a
normal high waler flow. Another peculianty is the
major class of the DIFannual value, which includes
the nvers whose lendency changes 90 times in the
year, 1.e. an avernge of once every 4 days, In view of
these results, it seems that oscillatons and changes in
streamflow are very frequent on the studied rivers,

It iz also noted that the geographic distribution of
CWintra values (Fig. 3) shows a rising tendency in
east—wesl direction.

1.4, Parameters used to characterise the varafion
in flows Berwesn the vears considered in the study

The intecannual behaviowr of the rivers has been
studied by analysing the parameters CVinter, Irregu-
lar and Drymonth, According to the centralising

statistical values and the distribution of [requency
classes, the only parameter with a close to normal
distribution is CVinter (Fig. 6).

The values obtained for the parameter Drymonth
show one large group with no dry month, a s2cond
proup with 4 percentage of around 10%, and a small
third group with very high values (Fig. 7). This
distribution of resulis is the most iregular of the 12
studied parameters.

Some rivers have yielded the maximum or mini-
mum values for several different parameiers. This is
the ease of: the river Dulce, which has the charscter-
istics of a regular river, yvielding the highest value of
D= M days that the mean flow is exceeded (159), the
lowest value of QI&m, and the lowest intrasnnual
varance (CVintra); the Alberche, which presents
many oecillations, being the river that most often

Values of Q34 7/m and Q25d'm

05

o4 4

03

02

0.1

o

& yﬁfﬁffﬁeﬁfﬂfﬁﬁfﬁf EYERIFT

Fig. 4. Valoes found for Q347/m ard Q23d%m. In contrast to Q18 m and CVintre, the valees decrease from left o right.
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Tahle 3
Satistics of the indices that characserise 1l intrannnnal variation of
flows

Cvintr Torment. MFanual
Mean 140 1276 o3
Median 1.37 11,75 i
Stamdurd 045 Bs n
dewiation
Inberguan- .51 11.85 42
tile range
Mbaximum Almonte 224 Admonie 2641 Aldberches 180
Mirirmum Dhulee 0,58 Drlce 385 Perules 32

Streamn (s shown in /s,

exceeds the maximum and minimum thresholds, has
the highest &= 5D value, the highest & <250 value,
and the highest DIFannoal value; and finally the river
Almonte, which seems 1o be the opposite of the river
[ulce, having the highest QT8/m and the lowest
Q3T m, a2 well as vielding the maximum values for
intraannual varance and torrential behuviour.

The results obtained for these 12 parameters have
provided an mitial idea of the peneral charactenstics
of the studied rivers—profonged droughts, heavy
Mlocd Aows, considerable inraannual variation—and
of the most outstanding cheractensiics of some rivers
which show extreme behaviour, The parameters
CrE8fm, O25dim, Q347 m and CVintra have shown
# tendency 10 increass or decrease along the easti—west
axis, suggesting ihat some of the studied character-
istics may have a geographic cause { Table 41

3.5, Siatistical analyxis

The results of the corvelation analysis have served
to find pairs of parameters whose values evolve m

DiFannuoal

CVinier

Frequency
B

04 LU L] a7 LE
Yulues
Tig. 6. Frequency distmihation of values foumd Tor CVinser. A Gy

symmetricol disihuion af values can be abserved with a similar
appearame booa normal distibution.,

Irymanth
0
Ha
E 12
BA—
£
By
i
[+] L 3
% of yenrs

Fig, 7. Frequency distribation of volues found for Drymonth. In the
figuare, 1l mast irregalar distribuion of all the siidied paramesers is
sl

a simitar way. Table 5 incledes only those pairs that
have a statstcal sigmificance of moee than 93%.

In the case of the parameters 18, (0347 and 0254,
the tahble also mncludes the standardised parameters.
The parameter & = 51, which measures the frequency
of extracrdinry high Mows, 15 ot sgonifcantly relaed
with any of the other analysed parameters and has
therefore been omtted [rom the table. Only one

Tabda 4
Suatzstics of the imdioes hat churaciesise the icerannaal variation of
T

1 Cyvinser [rregulnr Dy vtk
&
L Mean 0.54 1o ia niz
Median 0353 B (g0
= 14 Standdard 013 sl 2
L i devialion
i o 12 B 14 rtesusiile, 016 503 .00
Values range
Mlasimmuanm Trahague (LT Trabmque 27.66  Codio (LGS
Fp. 5. Freguency dastribution ol valess [owml (oe DIFannisl. A& M Lmn:] 034 Ea:a':l::s 1460 (L0

[airly symmeincal distmbatan of the values can he ssen with a
similar appearnce o 2 narmal distribation.

Streamflows shown in s
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significant relationship has been found with the
parameters Irregular and Drymonth, while the par-
ameter CVintra is that which presents the highest
nutinber of significant relationships.

A cluster analysis was carried out in order to group
together rivers with hydrologically similar Aow
regimes {Fig. 7). Moatly wsual methods were used bo
calculated the distance between pairs of stations,
yielding slightly different groupings, it was finally
decided on the basis of our knowledge of the rivers
that the clustering of the flow regimes into four groups
was the classification with the greatest hydrologic
sense.

The classification yields two main groops, each of
which can be observed in Fig. &

There iz a close relationship between cerain basins
which appear together in all the simulations and must
therefore have very similar characteristics. These
pairs are:

& Guadamejod, Cedena.

s Alagdn, Almonte.

* Tagus, Jerte.

= Gallo, Tajufa,

= Mavor, Bujalaro,

= Colto, Cuerpe de Hombre.

4, Discussion

From an analysis of the correlation (Table 5)
cerizin pairs of parameters have been detected that
measure practically the same information. Such
redundant information is evidently of little use and
will need to be eliminated in futsre studies. In a more
exhaustive study, Olden and Poff (2002) analysed a
large number of hydrologic indices with the aim of
recommending which ones to wse and eliminating
thoze that yield no new information. In our study this
has been the case with the parameters 347 and Q25d,
which show a very high comelation of 0.99, and also
with their standardised values (Q347/m and Q25d/m}),
whose correlation index iz 0.93. The same occurs with
CVintra and Torrential, which measure the variation
in the year {cormelation index 0.82) and with CVinter
and Irregular {correlation indes 0.72),

However, relationships have also been found
between pairs of parameters which are a consequence
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| Tagus basin

Alrwe, Perale
|
] I ]
Hinarra, Cordy Cworpn de Blornhre, Ciembureapal, Crdorn Havalvengps, Tettar, Alapda,
Resarin, Allxcrche Bur. Cucrsacabin Alvgaii Fotdes
Ficrars, Lisfn
Camksramal, Faratueap, e % b, Mreoaic
Ruezile Memiay Cedens Cuetracibin Thee Fesiber

Fig. B. Classification dendrogmm for the studied river stresches. The stations with the mast similar charucteristics are grouped together al the

boetomn of the chart.

of a functional relationship with the river's regime.
The parameter CWintra measures the range of the
variation in flows during the year. Rivers with a high
CVintra presemt cxtreme flows that increase their
variance, and for this reason they are positively
correlated with QI8/m, which measuwres relative
floods, and inversely relaied with the parameters
that indicate high and sustained low water flows,
Q347 and Q25d. This indicates thal the mechanisms
that maintain streamfows in low fow periods in
certain basins also maintain a fow regime with few
oscillations throughout the year, and therefore with
little annual variance. CWVintra also has an inlense
negative correlation with the parameter D> M, which
measures the number of days that the streamflow
exceeds the mean annuzal fow, Ax has been deduced
from the values found, there are fewer davs that the
streamflow is above the mean than below it, on all the
rivers and in all the climatic and lithologic conditions
of centeal Spain. The rivers with few days above the
mean flow have very high flood flows causing the
dispersion of values to increase and thus explaining
the inverse relationship between CVintra and D= M.
It is difficult to interpret the positive relationships
between the parameter DIFannual, which measures
the number of times that the Aow tendency changes,
N<8D, the number of times that droughts occur on
one hand and Q18 on the other hand. Large basins
such as the Alberche, Guadicls and Rosarito seem 1o
have high DIFannual values while the values for small

basins such as the Cedena, Perales, Escabas and
Trabaque are low. Though there is an insufficient
number of basins to make hard and fast assertions, it
may be considered that in the hydrologic conditions of
these rivers, a large basin size would give rise (o many
changes in the streamflow tendency, heavy flood
flows and many low flow sitnations.

Tuming to an analysis of the wtility of particular
parameters, the parameter DIFannual seeks to
measyre the constant changes in magnitude that
have such a highly perturbing effect on the conditions
of the Muvial habitat, It has been very surprising to see
the great frequency of such changes, which in many of
the studied rivers can be as often as once every 3 days.
The purameter Dreymonth is easy to calculate and
places emphasis on the biclogical repercussions of
drought (Brooks and Boulton, 1991; Boulton et al,
1982. Erman and Erman, 1995; Clinton et al., 1996).
The term temporary river is applied to those rivers,
which for most of the years have a zero streamflow for
a sufficiently long time period—! month—for
drought 1o play a key role in the distribution of
species. This extreme situation occurs on four of the
studied rivers, which dry up for 1 month in more
than 40% of the years: the Cofie, Perales, Tiétar amnd
Almonte, the later in 44% of the years, The other
rivers that dry up with a lasting drought do so in
fewer years, while 12 of the rivers do not dry up
completely for one complete month in any of the
studied years,
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The use of moving averages is very common in
hydrology. The parameter ()23d is 3 moving average
whose wse is justified by the consideration that 25 days
is a sufficienily long time to represent well 2
streamflow that riverine species are accustomed 1o
withstanding in low flow periods, and accordingly,
this value has been caleulated over a longer interval
than is habitual in hydrolegic studies (Q7d is
commonly used). The authors have previously wsed
this parameter as a mimimum ecological fow (Baeza
and Garcia de Jalan, 1997). With regard to the values
obtained in this work, there scem to be two reasons
why some of these rivers have very low Q25d flows,
One is because they are temporary rivers—this is the
cage of the rivers Cofio, Tiétar at Arenas de San Pedro,
Perales and Almonte—and the other is the irvegularity
of cartain nvers, which have very high mean flows but
very extreme low water Aows—ithis occurs on the
Alberche at Mavaluenga, Coerpo de Hombre, Alagin
and Tiétar at Rosarito.

The results ohtained with the studied parameters
make it poasible to identify the rivers that stand out for
their extreme characteristics, which is one of the main
factors which determines the survival of the species
that inhabit them. As the results of this study show, the
rivers Dulce, Escabas and Trahaque, for instance,
are highly regular rivers while others such as the
Almonte, Tiétar and Alberche are seen 1o be markedly
seasonal, iregular or Quclsating.

The hydrologic characteristics of the siudied nvers,
condition all or part of the fAuvial system's behaviour,
It remains for future studics to find further reasons that
help to explain the hydrologic pecolianities of this
particular area of Spain, where species have evolved,
and the relation with the struciure of the biological
community seftled in this rivers, which in some cases
are not fownd in the rest of the country (Diaz
Lizaro-Carrasco et al,, 1999},

Fromm the information supplied by the dendrogram,
we con make a frst divizion into two main groups, one
conlaining 16 of the stdied rver stretches and the
other 9. The man parameter that discriminales
between these two groups is CVintra, which has low
values in the first group (from 0.59 o 1.85) and high
values im the second {(from 166 to 2.24). These bao
groups have two principal subdivision each, which in
turn mean that finally there are four groups. This
classification has also shown pairs of rivers that have

always appeared close 1o exch other in all the studied
clusters, and must therefore have similar character-
istics. Three of these pairs (Tagus-Jerte, Gallo-Tajufia
and Mayor-Bujalaro) belong to the first subgroup, OF
these subgroups, the first one is seen to be the most
homoegenous, since it contains six fvers with similar
characieristics, without highly pronpunced extreme
flows, with few low water situations, that do not dry
up, anel in shor can be considered to be classic regular
rivers, At the other end to the rivers in the first
subgroup are the rivers in the last one, with great
varnation in lows over the year and high flood Hows,
represented by another of the pairs that are always
close together in the classifications: Alagdn and
Almonie. In the tables of values of certain parameters
(CVintra, Q18/m and Q347/m) an east—west pradient
has been observed, with the most regular valwes for
ihese parameters being found in the eastern zone, this
result suggest that some of the groups founded may
have a geographical cause. This regular—irregular
gradient found between the growps is similar to that
obsarved by Poff and Allan (1993) in the rivers of
Wisconsin and Minnesota,

4.1, Considerations on the study
of streamflow regimes

All the rivers conserve a certein Mediterranean
character, for instance, the highly asymmetrical
distribution of Q347 and Q25d Jow flows, tending
towards very low values, reflects conditions imposed
by this climate, as do the frequent changes in
streamflows, which can occur as often as once every
3 days. Such were nol revealed in older studies, which
considered only a small group of parameters.

In agreement with other authors {Poff et al., 1997,
Richter et al., 1997}, it is considered that the rivers
need a serigs of values which sdequately describe the
peculiaritics of their high and low flows and (he
variations between them, especially if it is wished w0
take inte account the relationships between fow
regimes and the life forms that are supported by these
environments (Lytle and Poff, 2004},

The parameles that contains the most information
for the ecological characterisation of streamfow
regimes 15 intraannual variance (CVintra), This is in
pgreement with current hypotheses in the world of
hydrology and Auvial ecology (Palmer et al,, 1997;
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Pelmer and LeRoy Poff, 1997). Mot only is this
the parameter that establishes the greatest number of
relationships with the other studied parameters, but itis
also the first to discriminate between the different
groups in the cluster analysis or dendrogram that has
been obtained.

The variation coefficient has been used by oaher
authors in Spadn (Palau et al., 1998) and in England
(Gustard et al., 1992), and in the latter case has been
related with other indices. This coefficient clearly
discriminates between regular riverss—with values of
less than 1—and highly imegular rivers—with values
of more than 1.5, On the rivers studied by Gustard's
group in England, a threshold was established
according to which rivers wilh coefficients of more
than 1.5 were considered to be irreguliar rivers.

The auihors believe thar the (254 flow is more
impartant than others for studying low water flows,
since it represents an established flow that species
must adapt to unlike other shorter and less
representative measurements of low water flows,
In several studics (Bacra and Carcia de Jalon,
1997; Baeza, 2002), moving averages of several
intervals have been calculated and graphically
represented, and the inflection points  of
the graphs have been interpreted in relation w the
lype of basin thot mamtans the comesponding
rvers. In agreement with that the width of the
interval o be used should not, perheps, be constant,
but should depend on each geographic or lithologic
zone (Baeza and Garcia de Jaldm, 1999; Baeza,
20012},

The study has found rivers with highly different
hydrological behavior and the authors consider that
this differences may be above all due o climatc
factors and particular basin variables, this idea may
be well fundamented since one of the most
homogenous groups that has been obtained, 1.4,
contains rivers whose basing include considerahle
areas of similar lithologies, with a predominance of
limestones and Mesozoic dolomites. These types of
rocky formations have a high water storage
capacity which may explain this regularity of ihe
regimes in these basins. Though the rivers Cedena,
Ibor and Cuemacabras, which are situated geo-
graphically close 10 each other and are all left bank
tributaries, are clustered together in the same
group, such clustering is not so clear in the other

groups, either in terms of geographic proximity or
type of lithology,

There are other regimes that attract attention
because they presemt rather extraordinary circum-
siances, and are clear examples of each of the ypes
of regimes that have been characterized. Special
care must be taken with these very peculiar rivers,
because they probably sccommodate very rich and
specialised but also highly fragile populations (Lytle
and Poff, 2004), which can be much more
dramatically affected by changes due to their
specific richness ithan on other rivers with more
typical regimes.

This group of studies will serve a dual purpase. On
the one hand, by knowing the fundamental character-
istica of a river's natural regime, we can iy o
maintain it in a state that is not (oo different from its
natural streamfow regirme i order 10 avoid cavsing
profound changes which affect the stability of the
populations that inhabit these environments, On the
other hand, the groups will be a good management
tool, since it will be possible to treat rivers that present
similar hydrologic behaviowr in a similar way {Water
Frame Ddrective), faciliteting the task of water
resource administration.

In a managed basin, if we know the factors of the
natural regime that have the greatest influence on the
presence of biological specimens, we can mainiain
some of the trends that have the greatest ecological
significance {frequency, duration or timing) without
the nesd 1o reserve larpe volumes for envirenmental
aspects. In this way it may be possible to ensure that
sufficient water 13 available for consumptive uses of
the resource while at the same ime avelding exposing
the ecosysiem 1o the tremendous upheavals resulting
from a highly altered regime.

The selection of the most important parameters to
be pespected will certainly have a strong regional
component, and thus studies such as this, performed
in the centre of Spain, must be extended to other
areas {Wasson et al., 2003). Finally, it will be
necessary, on those stretches where a new regime
has been applied, to verify the state of these
stretches in the future, This will be the best proof
that conclusions can be drawn regarding the
adequacy of the chosen parameters and the values
that need to be muintained.
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