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Abstract — Nutrient fluxes to the Bay of Biscay from the Cantabrian basin have been quantified for the first time. Data
between 1981 and 1995 of the main 16 Cantabrian rivers from the COCA monitoring programme have been used. Values
of water flow and dissolved inorganic nitrogen (DIN), phosphate and silicate concentrations have been taken. Equations
are proposed to quantify the fluvial nutrient contributions to the Cantabrian Sea. The annual average of continental outputs
to the Bay of Biscay from the Cantabrian basin is 16.1 x 10° m® of freshwater, 1.0 x 10° mol of N in DIN, 0.062 x 10° mol
of phosphate and 1.2 x 10° mol of silicate. In comparison with the French rivers, those of the Cantabrian have small fluxes
and their outflow is very disperse, not forming large coastal plumes. From April to September, when the primary pro-
duction is relatively important, the DIN contribution to the Cantabrian coastal reservoir is 10 %. Coastal fertilisation due to
continental waters could be considered as negligible and only influences areas very close to river mouths, except for the
Naldn River. Its flux represents 33 % of nitrate, 39 % of phosphate and 15 % of silicate of the total continental inputs of
nutrients to the Cantabrian Sea. © Elsevier, Paris

nitrate / phosphate / silicate / river / Cantabrian coast

Résumé — Flux de nutriments du bassin versant Cantabrique au golfe de Gascogne. Les flux de nutriments du bassin
Cantabrique au golfe de Gascogne sont quantifiés pour la premiere fois. Collectées entre 1981 et 1995 dans le cadre du
programme de surveillance COCA, les données utilisées sont les débits des seize principaux fleuves et leurs concentrations
en azote inorganique dissous (DIN), en phosphate et en silicate. Des équations sont proposées pour quantifier les flux de
nutriments. En moyennes annuelles, les apports continentaux sont estimés a 16,1 x 10° m® d’eau douce, 1,0 x 10° mol
d’azote inorganique dissous, 0,062 x 10° mol de phosphate et 1,2 x 10° mol de silicate. Comparée 2 celle des fleuves fran-
cais, la contribution des fleuves espagnols est faible et tres dispersée, sans grands panaches cOtiers. Entre avril et sep-
tembre, par forte production primaire, l'apport d’azote inorganique dissous au réservoir cotier Cantabrique est de 10 % du
total. La fertilisation cOtidre par les eaux continentales est négligeable en dehors des embouchures de fleuves, sauf pour le
Nalon ; celui-ci apporte & 1a mer Cantabrique 33 % du nitrate, 39 % du phosphate et 15 % du silicate. © Elsevier, Paris

nitrate / phosphate / silicate / fleuve / cote Cantabrique

1. INTRODUCTION

The general knowledge of chemical mass balance [12] in
major world rivers contributing to the ocean [11] and,
particularly, the nitrogen and phosphorus river fluxes [13]
are substantial. There is far less information, hovewer, on
small water flows, which may have an important local
bearing as regards coastal fertilisation. An example of

* Correspondence and reprints

this is the case of the Bay of Biscay. There are complete
studies on nutrients and the quality of the waters running
into the bay from the French large rivers, such as the
Loire [5, 15] and the Garonne [9, 17]. Conversely, the
flow of nutritive elements from the Cantabrian fluvial
basin is practically unknown. In this part of the Bay of
Biscay flow a countless number of small water courses.
These may be classified [16] as small rivers (with an

Oceanologica Acta 0399 1784/98/02/© Elsevier, Paris
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average annuai flow of between 10 and 100 m*s™') and
streams (between 1 and 10 m’s7)). Biologically orien-
tated works on phytoplankton and primary production
have hardly considered nutrient flux into the Cantabrian
coast. The winter mixing in terms of the spring bloom
{6,7] and the upwellings [3] were the only nutrient
sources taken into consideration and the contribution of
the rivers in coastal fertilization was not considered.

The recent trend to perform biogeochemical balances in
land-coastal margin systems [21] and river outputs [14]
requires quantification and evaluation of the continental
contributions. The only overall estimate available in the
Spanish coastal zone of the Bay of Biscay attributes to
rivers the 6-7 % of total nitrate and phosphate contribu-
tion to the Cantabrian coast during summer [19].
Although local studies also exist [2, 4], it is necessary to
quantify and discuss the importance of river contributions
of nutrients to the Cantabrian coastal environment. This
is dealt with for the first time in this paper.

2. SURVEY AREA AND DATA
The Spanish coast of the Bay of Biscay (figure I) is

1 230 km long, from Galicia to France. Its continental
shelf is narrow, ranging from 15 to 40 km wide. Several

short but relatively large rivers flow out along the coast
shaping the Cantabrian fluvial system, which covers an
area of 19 000 km?. In general, these rivers occupy small
basins. Thus, 17 basins have less than | 000 km?® of sur-
face (table I), the surface of five basin (Deva, Navia,
Nervién, Saja and Sella) ranges between 1 000 and
2 000 km?; the Nalén basin is the exception with a sur-
face of 4 866 km?,

The Cantabrian has an Atlantic-type rainfall system [20]
with slight nivopluvial influences as it rises in the Cant-
abrian Range and in the Basque Mountain System
(> 1600 m altitude). The average annual flow is low,
below 40 m>s™', excepting Nalén and Navia (table I).
The Cantabrian rivers are typical of an oceanic climate
and there is approximately three times less flow in the dry
than in the wet season. Therefore, when estimating the
coastal contributions of nutrients, it is useful to consider
two periods: The first, the phytoplankton activity period,
lasts from April to September, according to primary pro-
duction values and chlorophyll concentrations [6]. The
nutrient rivers fertilisation may influence greatly the pho-
tosynthesis in Cantabrian coastal waters. The second
period is the rainy period from November to February,
when precipitations and river flows are highest. The more
important nutrient river output to the Cantabrian coast
must occur then.
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Figure 1. The Cantabrian fluvial basin covers a surface area of 19 000 km?. Its short rivers run 17 x 10° m>y~" inio the Spanish coast of the

Bay of Biscay.
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Table L Surface catchment area, annual average flow and nutrient concentration ranges of Cantabrian rivers.

Cantabrian Annual Basin Concentration range (min-max)
river average surface (umol-L™)
flow (km?)
(m*s™) ; - : »

N° Name Nitrate Nitrite Ammonium  Phosphate Silicate
1 Agiiera 3.6 146 0-226 0.4-2.0 0.0-13.7 0.0-12.6 15-93
2 Artibay 3.0 104 0-171 0.4-5.7 0.0-37.9 0.2-50.6 37-105
3 Ason 16.6 512 0-153 0.2-3.5 0.0-13.6 0.0-27.7 10-93
4 Bidasoa 30.8 705 3-153 0.4-7.6 1.7-80.5 0.0-10.0 43-83
5 Burtrén 4.7 183
6 Deba 16.4 531 0-103 0.0-0.9 0.0-10.2 0.0-5.8 23-73
7 Deva 334 1184 0-516 1.3-19.1 0.0-111 0.4-8.6 75-140
8 Eo 24.4 819 0-89 0.0-17.2 0.0-6.7 0.0--10.6 63153
9 Esva 11.0 467 0-77 0.0-0.7 0.0-2.7 0.1-6.4 72-102

10 Miera 9.6 295

1 Nalén 109.0 4 866 15461 1.1-12.0 0.4-422 0.6-62.3 73-117

12 Nansa 12.3 430

13 Navia 67.3 1850 0-50 0.0-0.7 0.0-2.7 0.1-7.1 69-100

14 Nervién 35.1 1764 0-597 1.5-23.0 0.0-72.5 0.2-50.5 50-167

15 Oca 4.7 145

16 Oria 29.7 861 0-345 0.7-5.7 0.0-36.5 0.0-48.9 37-90

17 Oyarzum 1.8 37

18 Pas 18.1 647

19 Porcia 35 143

20 Saja/Besaya 27.6 1050 5-169 0.4-6.7 0.0-16.4 0.0-27.8 20-90

21 Sella 36.5 1246 0-71 0.2-2.8 0.0-2.4 0.0-6.8 38-58

22 Urola 12.5 343 0-502 0.4-20.9 0.0-14.8 0.2-56.8 43-97

23 Urumea 12.2 266 2-137 0.0-1.7 0.0-3.7 0.0-13.2 35-118

Total 523.8 18 594

3. DATA AND METHOD

Data used in this study have been kindly provided by the
‘Comisaria de Aguas del Norte de Espafia’ (CANE).
These data from the COCA network derive from a moni-
toring programme of the physico-chemical parameters in
Spanish rivers which runs into the Bay of Biscay. Mea-
surements were obtained from sampling stations always
near the mouth of the rivers. Data were recorded monthly
and cover the period 1981-1995. From the available
information only data on flows, nitrate, nitrite, ammo-
nium, phosphate and silicate concentrations of the
16 main rivers in the Cantabrian basin are discussed here
(table I). These 16 rivers represent 89.9 % of watershed
fluvial surface and 89.6 % of river flows to the Canta-
brian Sea. Nutrient concentrations measured in fresh-
water have been only considered. If chlorinity has shown
the presence of brackish water, the data have been dis-
carded.

Quantification of the river contribution of nutrients to the
Cantabrian coast is based on the calculation of fluxes (F)

as the product of the freshwater flow (Q) multiplied by
their concentration (C) of dissolved inorganic nitrogen
(DIN), phosphate or silicate. The flux values for nutrients
were studied as a function of flow (table II), using
monthly data of 15 years of COCA network. This type of
line has been the most appropriate when secking the F
relationship with Q for data on these three nutrients in the
Cantabrian rivers. Chemical flux is applied as a function
of the flow of the river and thus enables estimation of the
annual averaged fluxes from their annual averaged flows.

4. RESULTS AND DISCUSSION

4.1. Nutrient river concentrations

Nutrient concentration ranges in Cantabrian rivers are
found in table I. There is no relation between river flow
and nutrient high values. Nal6én, Nervion and Urola are
very rich in inorganic nitrogen and phosphorus, Artibay
and Oria in phosphates, Urola in nitrate and phosphate,
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Figure 2. Various patterns of nutrient concentrations with water discharge from the rivers on the Cantabrian slope (data from the 'Comisaria de

Aguas del Norte de Espafia').
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Table IL. Equations for calculating the nutrient outputs into the Bay of Biscay by each Cantabrian river.

Cantabrian F=za+bxQ+cexQ?
river
D.LN. Phosphate Silicate

N°  Name a b ¢ R? a b ¢ R? a b R?

1 Agiiera 45 37 0.87 0.964 25 -0.93 0.32 0.944 0 71 0.976
2 Artibay -7 114 -3.36 0.841 1.2 2.58 -0.18 0.587 - 10 86 0.967
3 Ason 30 39 0.923 0.7 1.10 0.811 -6l 42 0.851
4 Bidasoa 84 36 0.19 0.947 -7.7 2.97 0.881 -9 75 0.998
6 Deba 138 89 0.20 0.959 61.5 1.68 0.07 0.919 42 94 0.968
7 Deva 121 13 0.20 0.829 -1.8 1.93 0.884 21 47 0.932
8 Eo - 65 32 0.06 0.813 4.8 1.26 0.908 468 65 0.925
9 Esva - 87 40 0.810 4.3 0.54 0.02 0.847 -99 105 0.997
11 Nalon 1209 56 0.648 131.1 845 -0.02 0.570 110 75 0.999
13 Navia 34 15 0.11 0.922 2.3 1.10 0.920 0 100 0.999
14 Nervién 582 80 0.88 0.828 337 6.40 -0.01 0.838 215 66 0.967
16 Oria - 226 111 -0.05 0.921 15.8 2,75 0.00 0.826 -3 68 0.999
20 Saja/Besaya 62 54 1.11 0.946 - 1.4 3.47 0.887 - 16 57 0.987
21 Sella -5 23 ~-0.04 0.671 32 1.01 0.897 63 41 0.830
22 Urola 2 102 0.938 10.6 2.70 0.01 0.789 57 60 0.977
23 Urumea -35 40 0.03 0.910 -0.9 1.37 -0.01 0.819 - 64 107 0.953

F: the nutrient flux iz mmol-s™; Q: the freshwater flow in m>-s™!

Deva in inorganic nitrogen and Bidasoa in ammonium.
The silicate concentrations (15-167 uM) are usual in
natural Tivers.

Evaiuation of the possible nutrient enrichment of the
Cantabrian rivers may be deduced from the concentra-
tions. Deva, Nervién, Nalén and Urola are probably the
most affected by anthropogenic inputs of nitrate and
phosphate. Their average nitrate concentration is between
10 and 25 times greater than the levels noted by Meybeck
[13] for the natural levels in unpolluted rivers. Con-
versely, the Deba, Esva, Navia and Sella Rivers contain
the most unpolluted waters with nutrients.

The diagrams of freshwater river flows versus their nutri-
ent concentrations, i.e. caudal-concentration (QC) distri-
butions, show examples of typical profiles in Canta-
brian rivers (figure 2). In general, these diagrams show
patterns of nutrient concentrations with water discharge
as described by Meybeck et al. [16]: DIN, as Oria in
figure 2, shows a limited increase or a falloff in concen-
tration at high discharges. This is the case of all Can-
tabrian rivers except for Deba, Esva and Navia, which
present a cloud of points and Deva and Naldn (see Q-DIN
diagram for Nalén in figure 2), which, exceptionally,
have a phosphate-type profile. This profile corresponds to
situations of point source discharges, such as municipal
sewage. In these profiles the phosphate QC curve shows a

. RZZ

the linear regression coefficient; D.I.N.: dissolved inorganic nitrogen.

general decrease in concentration with discharge, which
implies increasing dilution of a substance introduced at a
constant rate [16]. It is the case of all rivers for phosphate
(such as Nervién; figure 2), except Besaya and Esva,
which have a profile similar to the Sella in figure 2. Navia
shows a cloud of points. Finally, silicate usually presents
a phosphate type (such as Eo or Ason in figure 2), but the
number of dates available are scarce in comparison with
the other nutrients.

At low river discharge, the range of nutrient concentra-
tion is high. It could be due, as occurs in estuaries [1], to
the increase of photosynthetic activity of freshwater phy-
toplankton, the remineralisation of organic matter or a
higher anthropogenic influence in summer when the
water flow is low.

Although nitrite and ammonium may also have a coastal
fertilising effect, their fluxes to the Cantabrian Sea have
not been significant due to their whole low concentration
(Cantabrian river average is 92 % of nitrate in DIN).
Nitrite and ammonium percentage varies from 14 % of
DIN for Deva and Nalén to 4 % of DIN for Sella and
Saja. Nitrate is therefore the main source of inorganic
river nitrogen to the Cantabrian coast, as generally occurs
in river waters (> 84 % of the inorganic nitrogen corre-
sponds to nitrate [13]).
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4.2. Nutrient river inputs to Cantabrian Sea

To calculate the fluvial inputs to the Cantabrian Sea and
to provide an estimation of the inputs of each river, the
equations indicated in table II have been obtained. For
phosphate and DIN, the best fitting corresponds to qua-
dratic equations and to silicate linear equations.

According to the annual averaged flows shown in table [
and the equations in fable II, the main contribution of
nutrients to the sea is due to 1) the Nalén River, with
fluxes of 7.3 mols™! of N and 0.81 mol-s™' of P; 2) the
Nervién River with 4.5 mol-s™' of N and 0.25 mols™
of P; 3) the group of rivers comprising the Bidasoa, Deba,
Navia, Oria, Saja and Urola with flows of 3.0-1.3 mol-s™!
of N and 0.11-0.05 mols™ of P; 4) the remain water
courses presenting low values, 0.8-0.2 mol-s™! of N and
< 0.04 mol-s! of P. Silicate fluxes are in accordance with
river flows (figure 3). This figure shows the natural con-
centrations of silicate, as may be expected since this
nutrient is not altered by anthropogenic influences. Thus,
to estimate the silicate inputs of all the rivers, it is possi-
ble to calculate the flux of seven rivers without silicate
concentration values using the equation of figure 3. The
opposite occurs with phosphate and DIN whose concen-
tration should be affected by urban waste and agricultural
fertilisers. For these, a correction is made according to
the river flow without DIN or phosphate information. The
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Figure 3. Annual average of silicate flux versus flow for Cant-
abrian rivers. They are indicated by their number in fable I. Data
are fitted to a straight line. Silicate flux for rivers without silicate

values could be estimated from their flows in table { and the equa-
tion F.
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Figure 4. Annual relative importance of dissolved inorganic nitro-
gen (DIN) and phosphate Cantabrian river contributions to the Bay
of Biscay. If lower than 5 %, only the river number is indicated as
in table L
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Table III. Annual estimation of the freshwater and nutrients inputs in the Bay of Biscay by Cantabrian rivers for the period 1981-1995.

Input in Cantabrian Sea Rivers flow DIN flux Phosphate flax Silicate flux
(m3s™1) (mols™) (mols™1) (mols™)
Annual average 524 + 123 331+94 1.95 £ 0.53 38.0+87

DIN: dissolved inorganic nitrogen.

annual average of resulting fluxes to the period 1981-
1995 are shown in table IIl. There does not seem to be an
obvious trend for these 15 years.

The annual continental contributions to the Bay of Biscay
from the Cantabrian basin (524 m*-s™' of water) may be
estimated as 1.0 x 10° mol of N, 0.062 x 10° mol of P and
1.2 x 10° mol of Si. The percentage importance of each
river in the silicate contribution is similar to that of the
flow, because of the good relation between both varia-
bles. Nevertheless, to DIN and phosphate it is different
and is indicated in figure 4.

Cantabrian fluxes are mainly due to the Nalén River,
which contributes 33 % of nitrate, 39 % phosphate and
15 % of silicate (figure 4). These are small values in
comparison with the river contributions of nutrient salts
from the French basin. Its two main rivers, the Loire
(838 m*s™!, [15]) and the Garonne (761 m>-s', [8]), each
have an average annual flow almost double that of the
Cantabrian basin. Nutrient fluxes are also far more signif-
icant: only the Loire River annually transports 6.4 x 10°
mol of N of nitrate, 0.11 x 10° mol of P of phosphate and
14.6 x 10° mol of Si [15]. A further difference between
the two basins is that the contribution from the Canta-
brian basin into the Bay of Biscay is distributed among
several small rivers and streams. The flow, therefore, is
dispersed throughout the coastal area and no large coastal
plumes are formed, as is the case on the French coast [9].
Data on surface salinity at the end of winter [10] just
show a slight decrease in salinity in the coastal area adja-
cent to the Nalén River.

From April to September, when primary production is
high in Cantabrian Sea waters [6], the importance of the
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