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Physico-chemical characteristics of the Agiiera River (Spain) during 
an unusual hydrologically period 
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K e y w o r d s : River , B a s q u e C o u n t r y , d r o u g h t , phys ico-chemica l charac te r i s t ics . 

S p a t i a l - t e m p o r a l changes in the phys ico-chemica l charac ter i s t ics of the A g u r a river (Basque C o u n t r y a n d C a n t a b r i a n 
r eg ion , Spain) were s tudied over six m o n t h s , a pe r iod that inc luded a long per iod of u n u s u a l d rough t a n d t h e r e t u r n 
to m o r e n o r m a l hydro log ica l cond i t ions . T h e chemica l c o m p o s i t i o n of t h e water was affected b y water f low. It w a s 
inf luenced ei ther d i rec t ly t h r o u g h t h e d r a i n a g e charac te r i s t ics at the level o f different pa r t s of t h e su r round ing bas in , 
or ind i rec t ly t h r o u g h t h e ac t ion of biot ic c o m m u n i t i e s o n their e n v i r o n m e n t . F r o m these resul ts , some spa t ia l a n d / o r 
t e m p o r a l mode l s have been deve loped for the d y n a m i c s of the different var iables in this s t udy . 

Caractéristiques physico-chimiques de la rivière Agitera (Espagne) au cours d'une période hydrologique inhabituelle 

Mots clés : Rivière, P a y s - B a s q u e , sécheresse, ca rac tè res phys ico -ch imiques . 

Les changements , spari to-temporels des ca rac té r i s t iques phys ico-ch imiques de la r ivière Agi iera (Pays -Basque et R é g i o n 
C a n t a b r i q u e , E s p a g n e ) ont é té é tudiés p e n d a n t 6 m o i s , eng loban t u n e par t i e d ' u n e longue pé r iode d e sécheresse inhab i ­
tuel le , et le r e tou r à des cond i t ions hydro log iques plus n o r m a l e s . La c o m p o s i t i o n ch imique d e l ' eau était c o n t r ô l é e pa r 
le déb i t de la r ivière . Elle est influencée soit d i r ec t emen t p a r l ' écou lement au n iveau de d i f férents c o m p a r t i m e n t s du 
bass in versant soit ind i rec tement pa r l ' ac t ion des c o m m u n a u t é s b io t iques su r leur e n v i r o n n e m e n t . D e ces r é su l t a t s , des 
modè les spa t io e t / o u t e m p o r e l s on t été décr i t s p o u r la d y n a m i q u e des différentes variables é tud iées . 

1. I n t r o d u c t i o n 

Rivers are systems that transport and process 
materials exported by terrestrial ecosystems, nor­
mally seawards. In this sense, they can provide inte­
grated information about the whole of the biotic and 
abiotic processes occurring in the fluvial basin 
(Rochelle et al. 1989, Sabater et al. 1990). The rela­
tive importance of these functions depends upon a 
broad series of factors among which physiographic, 
climatic and biological factors can be cited (Schumm 
1988). Man is today a powerful modellator of the 
environment, and accordingly, his activity may have 
great influence on the characteristics of river systems 
(Davis 1987, Reynolds et al. 1989). 
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Among all the factors cited above, climate, as a 
regulator of the water flow, exerts an importât con­
trol over the fluvial communities (Scrimgeour & 
Winterbourn 1989) ; very often they have to face 
relatively impredictable changes in their environ­
ment, which can affect their biomass, the structure 
and composition of sediments, the physico-chemical 
composition of water, etc. (Reiter 1986). Therefore, 
it is always interesting to study the response patterns 
of different reaches of a river to changes in their 
hydrological regime. 

Northern Iberian rivers flowing to the Cantabric 
sea are characterised by their heavy slope and 
short length, and , in contrast to those flowing to 
the Mediterranean, do not show important tempo­
ral variations in their discharge rates. U p to date , 
the studies carried out in different catchments of 
the Basque Country (Euskoiker 1988) have contri­
buted only with low-periodicity data of several 
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physico-chemical variables, but they have not allo­
wed a detailed analysis of short-term changes in the 
rivers. In this paper, we present the results of a study 
of the physico-chemical properties of the river 
Agiiera, carried out during the final phase of a long 
and unusual dry period and the beginning of more 
usual hydrological conditions. 

2. S t u d y s i t e 

The Agiiera river (Basque Country-Cantabria, 
Spain) drains a basin of 14,500 Ha (Fig. 1), whose 
highest point is mount Burgueno (1 044 m a.s.l.). 
The river runs 30 km until it reaches the sea. From 
the geological point of view, the basin lies over a Cre­
taceous, mostly siliceous substrate, covered with 
sandstones and clay, except in a broad central strip, 
where marls and very thick, karsttfied limestones pre­
dominate . Several springs can be found in this zone, 
which indicate the importance of the aquifers (Cruz 
San Julian et a l . , 1986). Main land uses are grass­
lands and agricultural lands (29 ^o), forestal planta­
tions (mostly pine, 34 %, and Eucalyptus, 16 'Vo), 
and autochtonous forests, mostly oak (10 °"o) in sili­
ceous land, cantabric evergreen oak (7 %) in calca­
reous substrate, and alder in the margias of the river 
channels. Population density is low, and the principal 

human activities are agriculture, livestock, and 
forestal sectors. Human settlements are disperse, 
and the biggest villages are those of Trucios, Villa-
verde, Gurie,!o and Trebuesto. The climate is humid-
oceanic, with an annual precipitation of 1,650 mm, 
almosr totally m form of ram, regularly distributed 
throughout ;hc year. The annual mean temperature 
is 11 C, and the monthly mean varies between 5.8°C 
in Unuary and I7°C in August. 

During 1988-1989 an unusual drought was regis­
tered, as the habitual fall-winter rains failed. The 
waterflow maintened low ievels, reaching its mini­
mal values in January-February (Fig. 2). This dry 
period ceased suddenly at the end of February, and 
the waterflow was high during March. April was d 
very rainy month, reaching the highest discharge of 
the last five years on 4th April . 

3 . M e t h o d o l o g y 

Ten stations located along the whole river 
(Table !)> w e r e sampled biweekly during six months 
(November 88-May 89). The following variables 
were determined in situ : cross section of the chan­
nel, velocity distribution of the water (flowmeter 
General Oceanic'), pH (pHmeter Scharlau Hi 8424), 
temperature, conductivity (conductivimeter WTW 

Table 1. Mam chdracu-'ISIU:!. of the sampling station1:. 

S t a t i o n Km Elevat ion (m) o lope Order Vegetat ion 

1 1 450 19.05 1 Mixed forest 
2 3.3 230 3.08 2 Pines 
3 4 210 1.7 3 Meadows 
4 7.3 150 0.71 3 Meadows 
5 10.5 130 0.69 3 Meadows 
6 12 120 0.86 3 Meadows 
7 15.5 80 0.8 3 Eucalyptus 
8 18.5 60 1.33 3 Meadows 
9 24 15 0.44 3 Meadows 
10 25.3 5 0.44 3 Meadows 



Cantabrie Çea 1 

3'20' 3'; 5.  

Fis. 1. The Aguera river basin. Main geologiçdl features and human sertlementr are showed. Numbers correspond to thesampling sites. 
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Fig. 2. Discharge variations in Agiiera river from 1984 io 1989. Compare the study period with the values in the upper part of the figure. 

L F 9 0 ) , concentrat ion and percentage of saturat ion 
of oxygen (oxymeter WTW Oxi96). Water samples 
were taken in plastic bottles, and immediately intro­
duced in a cool place to be carried to the labora­
to ry . Samples for the determination of phosphate 
were also preserved in cool conditions, but in glass 
bot t les . 

The following variables were determined accor­
ding to the Standard Methords (APHA 1980) : alka­
linity and hardness, by titration ; magnesium, 
sodium and potasium by atomic absorption spec­
trophotometry ; calcium by calculation from the dif­
ference obtained in the analysis of hardness and 
magnesium ; soluble reactive silicate, nitrate, nitrite, 
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ammonia and reactive phosphorus by spectropho­
tometry ; sulphate by the turbidimetric method ; 
fine seston ( < 1 mm) , after filtration (Whatman 
GF/C) , oven drying (70°C) and calcination (450°C). 
Measurements of alkalinity and hardness were con­
ducted immediately and the remaining samples were 
maintained at 4° C until their processal. Whenever 
the analysis was impossible to be made within the 
first 24 hours , the samples were kept frozen at -
20°C. 

4. R e s u l t s 
A clear longitudinal gradient can be seen in the 

variables associated with the mineralization of 
waters, conductivity, hardness, and alkalinity 
(Fig. 3a, b , c). They show notable increases around 
station 4, where the river passes from the siliceous 
to the calcareous part of the basin. The p H 
(Fig. 3 d) shows a similar pattern, but it diminishes 
in the final reaches of the river, as a consequence 
of the contribution of low-mineralization affluents. 

Fig. 3. Spatio-temporal variations during the study period, a) conductivity (^S/cm) ; b) hardness (meq/l) ; c) alkalinity (meq/1) ; d) pH. 
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This condit ion becomes more and more evident as 
the flow decreases in winter, and suffers a drastic 
change with the floods in February-April, with the 
result of a remarkable homogenization of the river 
at high flows. 

The oxygen saturat ion (Fig. 4 a) also shows 
impor tan t temporal variations. On the one hand, 
strong oversaturat ion levels are found in station 1. 
We associate this phenomenon with waterfalls just 
above the measuring site. On the other hand, at the 
end of the dry period, very high partial tensions of 
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oxygen are detected in the intermediate and final sta­
tions, probably caused by the metabolism of ben-
thic communities. The saturation of oxygen is 
almost reached at stations 7 and 8, partly due to the 
steeper sides, and to the SE-NW direction of the 
streambed, which determines low incident irradien-
ces during the winter months, and partly to their 
greater turbulence, involving a faster gaseous inter­
change with atmosphère. In high-flow periods, the 
oxygen concentration is around saturation throug­
hout the river. 
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Fig. 4. Spatio-temporal variations during the study period, a) percentage of oxygen saturation ; b) nitrate concentration (^gN/l) ; 
c) nitrite concentration (^gN/1) ; d) ammonia concentration (^N/l). 
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Fig. 5. Spatio-temporal variations during the study period, a) phosphate concentration (^gP /1) ; b) silicate concentration (mgSi/1) ; 
c) suspended fine particulate matter (mg/l) ; d) percentage of organic content of FPM. 

Nitrate (Fig. 4 b) seems to reflect two overlapped 
phenomena. Its levels are highest in the period 
November-January, decreasing from there on ; this 
seems to reflect a seasonal rhythm. On the other 
hand, its concentration increases with high dischar­
ges, mostly in headwaters. Nitrite (Fig. 4 c) usually 
appears in low concentrat ion, reaching its highest 
values downstream from the human settlements, 
i.e., stations 4, 5, 9 and 10. Furthermore, a tempo­
ral variation is observed, as the content of this 

nutrient decreases during January-February, and 
increases again when the discharge rises. Ammonia 
(Fig. 4 d) shows a less regular pattern, possibly due 
to t he very local fac tors t h a t gove rn its 
concentration. 

Phosphate (Fig. 5 a) also reflects the importance 
of the wastewaters associated with the villages of Vil-
laverde, Trucios and Guriezo, and the subsequent 
recovery process. Silicate (Fig. 5 b), reaches its 
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highest values in the headwaters, because of the 
substrate of this part of the cachment. It should also 
be stressed the occurence of low concentrations in 
medium and low reaches, coinciding with minimal 
discharges, and in consequence, with a maximum 
in algal blooming. 

During the low flow period up to last February, 
the concentrations of suspended fine particulate 
mat ter (Fig. 5 c) are relatively low, and lack a clear 
spatial pat tern, because of the importance of sedi­
mentat ion over the transport processes. It increa­
ses in spates, mainly in the headwaters. In general, 
with high flows, the inorganic fraction of seston is 
more important (Fig. 5 d). Station 9 generally main­
tains the highest proport ion of organic matter, as 
a consequence of the urban impact. 

The relationships existing between the study varia­
bles are presented in Table 2 as a previous step to 
the overall description of our results. This table 
shows the sign of significant relations between pairs 
of parameters for each station (lower part of the dia­
gonal) during the whole study period, as well as the 
global correlation values (upper part) . As it could 
be expected, the variables indicating the minerali­
zation appeared negatively correlated to silica. The 
high correlation between conductivity, alkalinity, 
and hardness is a constant all along the river. The 
diluting effect of floods can be seen in the general 
negative correlation between flow and conductivity. 
Fur thermore , the discharge is the principal determi­
nant of the amount of seston and suspended orga­
nic matter in all the stations but 9. Flow and phos­
phate maintain a positive correlation in the cleanest 

reaches. This nutrient shows a positive correlation 
with nitrite in all the stations but 1, 7 and 8. Nitrate 
is not usually correlated with the other nutrients, 
which suggests a different control mechanism. 

In order to ascertain more clearly the causes of 
the variability observed in the physico-chemical cha­
racteristics of the water, and with the purpose of 
detecting possible general trends, we have perfor­
med Principal Components Analysis (PCA) (Lebart 
& Morineau 1982) with the whole pool of data. The 
first three axes explain the 64 % of the sample 
variance. 

Main contributors to axis I (Fig. 6) are conducti­
vity, alkalinity, calcium, hardness and p H , in the 
negative side, and silicate, in the positive one. In 
consequence, we can interpret this axis as a factor 
of mineralization of the water. Thus, samples from 
stations 1-3 are situated in the right end, whereas 
the most mineralized samples are those from stations 
5, 6, 9 and 10, especially during lowest discharges. 
Axis II is under the influence of FPOM and FPM 
in its negative side. We interpret this axis as the 
increase in discharge, i.e., the axis of floods. In fact, 
the 10th and 13th samplings correspond to the hig­
hest flows registered, and all the samples from those 
days, no matter the station in which were taken, 
appear in the lowest part of the figure. 

The distribution of the samples in the plane of 
axes I and II (Fig. 7), corroborate our interpreta­
tion. Samples taken in the days with the lowest flows 
appear in the highest part of the graph. The grea­
test dispersion occurs in station 9, which indicates 
that the seston content of this station is very 

Table 2. Correlation matrix for selected variables. Lower part of the diagonal : sign of the significant correlations for each station. 
Upper part : global value of the correlation. 
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Fig. 6. Situation of the measured variables in he plane of axis I and II resulting from PCA. TE : temperature ; pH : pH ; CON 
conductivity ; SAT : oxygen saturation ; OX : oxygen concentration ; FLO : waterflow ; ALK : alkalinity ; HAR : hardness ; Ca 
calcium ; Na : sodium ; K : potassium ; Mg : magnesium ; SIL : silicate ; NAT : nitrate ; NIT : nitrite ; AMO : ammonia ; P H O 
phosphate ; SU : sulphate ; SES : seston ; FOM : fine particulate organic matter. 

variable, al though always high. O n the other hand, 
stations 7 and 8 show, except for spates, a trend t o 
be situated in a na r row band in the positive part of 
axis II. This phenomenon is in agreement with the 
self-depuration occurring in this reach. 

5 . D i s c u s s i o n 

Differences in the lithological composition of the 
Aguera river basin are responsable for a pronoun­
ced longitudinal gradient in the parameters associa­
ted with water mineralization, mostly in dry periods, 
when the contact between the water and mineral 
substrate is most intense. In any case, there are 

values of pH that are explainable not only by the 
kind of substrate, but also by metabolic processes 
of the community . This is especially evident during 
February, a period of minimal flows, that , possibly 
in combination with the elongation of the day, make 
easier the proliferation of benthic algae in medium 
reaches. In this part of the river, important algal 
masses, dominated by Cladophora sp., can be obser­
ved. The metabolism of these producers could be 
the responsible for high pH values (Margalef 1983), 
as those found in stations 4-7. This is also deduced 
from the diel dynamics of this parameter (unpubl . 
data) . In lower reaches (station 9) this effect is not 
so evident, possibly because it is counteracted by the 
decomposition of organic materials of urban origin. 
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AXIS I 

Fig. 7. Situation of the samples in he plane of axis I and II resulting from PCA. 

The results of this work have allowed us to deduce 
spatial a n d / o r temporal patterns in the dynamics of 
the different non-conservative variables studied. 
Nitrogen, under its different forms, constitutes one 
of the essential nutrients in rivers. Biological t rans­
format ions of nitrogen include the uptake by algae 
and microbia , fixation and denitrification (Richey 
et al. 1985, Hill 1988), but estimates of the relative 
impor tance of these processes in different rivers do 
not coincide. In our case, nitrate concentration 
increased with high discharges, mostly in the head­
waters , probably due to the greater leakage of soils 
(Me Diffet et al. 1989). Several authors (e.g. Neill 
1989) stress the importance of the agricultural prac­
tices, like the fertilization of ploughed land, in the 
control of nitrate levels in rivers. From our results 

it can not be deduced any clear relationship between 
agricultural land and nitrate concentrat ion. This is 
explainable by the kind of agricultural practices in 
this area, in which meadows are the most important 
crop, with not very intensive application of mine­
ral fertilizers. Nitrite maxima appear near the main 
urban settlements. Also, as the importance of pro­
ducers increases in February, maximum values of 
nitrite decrease, possibly helped by the oxidizing 
conditions that prevail at that moment . When rain­
fall increases, nitrite maxima appear near the villa­
ges, as a consequence of the leaching of rivershore 
areas. The dynamics of ammonia are more complex, 
and in this sense, we cannot forget the several sour­
ces af ammoniacal nitrogen (Schuurkes & Mosello 
1988), which obscures their interpretation. 

AXIS II 
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Phosphate clearly reflects the influence of the vil­
lages, but with this sampling strategy we cannot 
ascertain its importance in relation with other pos­
sible factors of variat ion, as the agricultural practi­
ces in karstic areas (Troelstrup & Perry 1989), the 
urbanizations (Osborne & Wiley 1988) or the bio­
logical uptake (Corning et al. 1989, Mulholland et 
al. 1983). In the Agiiera river, self-purification pro­
cesses (Vymazal 1988) are evident in the reach where 
urban inputs dissapear, that is, in the reach 6-8, 
during low-flow periods. According to Corning et 
al. (1989), the assimilation rate of phosphate by the 
benthos does not change along the river. If that is 
the case of our system, we should explain the 
decrease in medium-low reaches as a mere reflec­
tion of the disappearance of phosphorus inputs ; the 
high capacity of self-purification in the river would 
be exceeded solely by important inputs around vil­
lages. On the other hand, Cosser (1989) mentions 
the importance of particulate phosphorus. A part 
of the decrease in the charge of phosphorus could 
be due to the sedimentation of seston, which would 
be favoured in the reach 6-8, that seems to be espe­
cially retentive. 

During February, the high organic content of the 
seston in medium-low reaches in coincidence with 
the vicinity of villages, seems to be due to the low 
flows of this dry period, that would concentrate the 
sewage. The drift of algae in medium reaches could 
be added to this effect, as these organisms were par­
ticularly abundant during this period. We can 
deduce that river discharge is the principal respon­
sable for the F P O M concentrations, in agreement 
with other works (Cuffney & Wallace 1989, Gru-
baugh & Anderson 1989). These authors report that 
most of the yearly transport of the organic matter 
occurs in a few events. 

The Principal Components Analysis stresses the 
spatial organization of the Aguera river. It could be 
divided in four main zones. In the headwaters, up 
to station 3, most of the catchment area is fores­
ted, the slope is high, and human activities minimal ; 
these properties determine, together with the litho-
logical composition of substrate, low nutrient con­
centrations in the water, and a scarce importance 
of primary producers. A second zone would corres­
pond to the reach between stations 4 and 6. Here, 
both the population density and the intensity of agri­
cultural practices rise. All this, together with the 
smaller slope and the lower forest cover, makes 

possible, under medium and low flow conditions, 
the blooming of dense algal populations, even in 
winter months . In this sense, Sheldon & Taylor 
(1982) showed, in artificial rivers, the relative cons­
tance of algal production during the year, in con­
trast with the more seasonal effect of macrophytes . 
In the third zone, situated between stations 6 and 
8, the physiographic characteristics of the reach 
determine a process of self-purification. In fact, in 
this part , human activities diminish, the slope rises, 
streamsides are steeper, and the streambed consists 
of a series of riffles and pools, that makes this a 
highly retentive reach (Cummins et al. 1983, Webs­
ter et al. 1987). The last part of the river, located 
between station 8 and the mouth , is again more 
open, more humanized, and as a consequence, 
nutrient levels increase. This spatial organization is 
changed by the discharge, with floods producing an 
homogenization of the chemical characteristics 
along the longitudinal axis of the river, as a conse­
quence of the diluting effect of the water, and the 
disturbance of benthic communities. 
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