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ABSTRACT

The effects on faunal communities of a high head, low capacity hydroelectric power project are evaluated for the
River Cinca. a Pyrenean tributary of the River Ebro (North East of Spain). The macrobenthic fauna of the regulated
Cinca river is compared with the unregulated River Ara. Colder summer water temperatures in the River Cinca are
shown 1o have caused o reduction in species richness of the mucrobenthic community as a consequence of the
elimination of thermophilous species. Reduced temperatures may also explain the lower growth rate and productivity
of the trout populations, Sudden flow fluctuations caused by hydropower generation influence the downstream
macrobenthic communitics; their populations are less abundant (reduction in densities and biomass) and their
structure is less diverse. Although trout fisheries do not seem to be directly affected by sudden flow fluctuations, the
limitation of their food resources (benthos), has reduced trout production and turnover ratio,
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INTRODUCTION

It has been suggested that flow regulation below hydroelectric power dams has considerable effects on
running water communities (Armitage. 1984), particularly where power-peaking operations generate
short-term flow fluctuations with maximum flows during the daytime and minimum flows during night or
al weekends. The effects of rapid short-term flow fluctuations on the macrobenthos have been reviewed
by Ward (1976). Langford (1983). Armitage (1984), and Petts (1984). Generally, hydroelectric regulation
produces a decrease in the diversity and density of the macroinvertebrale communities, because few
species are able to withstand conditions of strong current alternating with drought periods or slow flow
(Trotzky and Gregory, 1974). A sudden rise in discharge can cause the removal of macroinvertebrites
(Brooker and Hemsworth, 1978; Statener, 1981; Gaschignard and Berly, in press) and especially those
associated with macrophytes and periphyton (Radford and Hartland-Rowe, 1971 Irvine and Henriques.
1984).

If daily flow fluctuations are large, macrobenthic disturbances may be extreme (Ward and Stanford,
1983; Donald and Mitch, 1980), On the contrary, Gregoire (1983) found that daily variation of flow
caused by hydropower plants did not change significantly the diversity of mayfly communities. Kraft and
Mundahl (1984) found increased macrobenthic biomass downstream of hydroelectric plants, but
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decreased faunistic richness. Species able to migrate to the interstitial zone (Powell, 1958; Ward, 1976;
Henricson and Muller, 1979) may come to dominate the community.

Fish communities are also affected by hydroelectric regulation as a consequence of the reduction of
their food resources. Barnes et al. (1984) found in Coregonus populations living below hydroeletric
turbimes, decreases in growth, reproductive inhibition, and a general stressed state.

In this paper we analyse the effects on fluvial communities of intensive regulation below a small
capacity, but high head, hydroelectric power dam. In order to evaluate these effects, two rivers in the
Spanish Pyrenees are compared: River Ara (unregulated) and River Cinca (regulated). The composition
and structure of the macroinvertebrates and fish communities are analysed, together with their
interrelations, in two reaches near the confluence of the two rivers where the structure of the channel
bottoms is very similar,

STUDY AREA

The Ara and Cinca rivers are located in the Aragon’s Pyrenees (N.E. Spain) within the River Ebro basin.
The rivers rise at an altitude of 2700 m and 3000 m respectively. The River Cinca at its confluence with the
River Ara drains a basin of 827km® and the Ara, 664km® (Figure 1). Both basins are underlain by
limestones and, in the lower reaches, by marls. Small granitic sifts are also present.

The mean annual flow of the River Cinca is 35-2m%s ™', double that of the River Ara (18:2m% '),
Annual runoff from both catchments is high in relation to other rivers (Hughes and Omernick, 1983), The
nivo-pluvial flow regime (Figure 2ZA) is characterized by a snow-melt maximum in May-June and a
rainfall maximum in autumn. wsually in October-November.

The River Ara is not regulated. but along the River Cinca there are five small reservoirs for
hydroelectric energy production (Figure 1). Their total storage capacity is 8:5 x 10°m’, less than one per
cent of the annual runoff. Their annual hydroelectricity production reaches 345 = 10" kwh (M.OQ.P.U.,
195n).

Two sampling stations were selected about 1 km upstream of the confluence at 3% m altitude, near
Ainsa (Figure 1). The reaches correspond to 4th order streams (scale map 1/50000) and their
morphological characteristics are very similar. The rivers flow through open valleys. without riparian
vegetation; slopes are low. the unstable braided channels have a total width of 40-60 m, the substrate is of
stones about 15em in diameter. and macrophytes are absent.

METHODOLOGY

Three sampling surveys were undertaken during 1985, The first on the 15th and 16th February (winter);
the second on the 7 and 8 September (summer); and the last on 14 and 15 December (Autumn). Physical
variables and pH were measured in st Water chemical parameters were analysed in the laboratory with
conventional methadology within 48 hours of sampling.

The organic content of seston was determined for different fractions following the methdology
described by Hawkins and Sedell (1981) and Cummins er al. (1983), The coarse particulate organic matter
(CPOM) was collected in a net of | mm mesh size, during one hour in the swiftest zone of the stream. The
fine fraction (FPOM} was collected in a 50m mesh net during ten minutes. The ultrafine fraction
(UPOM) was determined by filtering five litres of water through a net of (-45 m mesh size.

Benthic macroinvertebrates were sampled in lotic reaches using a sampling box 50cm high with a
square base of 34 cm side and 250 mm mesh net. Each quantitative sample consisted of three samples, but
other qualitative samples were taken. Samples were conserved in Formalin (4 per cent) until their
separation, determination, and counting. Afterwards quantitative samples were dried in an oven at 60°C
for 20 hours. Drensities and biomass (dry-weight) were determined for most populations.

Drift was sampled in an 0.1 m” net of (-75 mm mesh size located in the swift current during a period of
half an hour.



ECOLOGICAL EFFECTS OF HEP SCHEME 441

L. Marboré # L. Urdiceto
(2.600 =, ) (2.610 m. )

o-'f
E. Pineta “‘\
(1.147 m.) \
5
| ®
. '
rrrrr :
= ‘-r"
L}
&
E r--""-r.I~ “.~" E. Plan d'Escin
E. Laspu ' Bl TN (1.048 m.)
(680 m., 43

=
CINeg

i Km.

(=T
-
s
()
-

Figure |. Map of Ars und Cinea rivers. showing sumpling locations

An electro-fishing technique was used for estimating fish populations, working with direct current at
220 volts and 0-7 amps. Surveys were undertaken in February and December only, Fish population
densitics were estimated for reaches defined by nets by successive captures at constant effort. Each
isolated reach had an area of S00-900m* and was fished three or four times in each sampling. The
efficiency of the capture effort was calculated through Laurent and Lamarqu (1975) regression curves and
the population densities were estimated by Moran (1951) formula. More exhaustive explanation on the
method used can be found in Garcia de Jalon ef al. (1986).

The fishes caught were measured (fork length) and weighed (alive) and their scales read for age
determination. Von Bertalanffy (1938) growth models have been adjusted to different populations using
the Walford (1946) method. Survival rates were estimated using the Robson and Chapman (1961) method
and the mortality rates were calculated from them. Annual production was estimated by the method
developed by Garcia de Jalon er al. (1986) based on Von Bertalnffy growth models. The total production
was estimated as the addition of each cohort production, without including annual recruitment.
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The stomach content of trout populations was analysed using trout captured during the February
sampling. Fish were killed immediately they were captured and preserved in Formalin. Only the content
of the anterior part of the digestive tract was studied in order to avoid disturbances caused by the different
digestability of macrobenthic species (Ellison, 1977).

The sizes of analvsed trout correspond mainly to one vear old, a few to two or three vears old. The
number of fish analysed was 25 in the River Cinca and 15 in the River Ara. The analyses of the contents
have been done to a wide taxonomical level including species of similar shape, size, and behaviour,
between which we suppose trout do not differentiate: eg. Perlidae includes Perla Bipunctata and Dinocras
cephalotes, and Heptageniidae with Ecdyonuras sp., Epearus sp. and Rithrogena sp, However, this ability
is yet to be demonstrated.

RESULTS
Physico-chemical characteristics

The results of the water analyses during the three sampling periods in both rivers are presented in Table
L. As it can be seen there are no important differences between the rivers Cinca and Ara, neither spatially
nor temporally. The water-chemical parameters are characteristic of salmonid rivers (Nisbet and Vemneaux,
1970) and indicate a low primary production by phytoplankton (Nieto, 1970). Only the temperature
regimes present significant differences in summer. Lower summer temperatures in the River Cinca result
from underground pipe flow. In September the daily thermal Nuctuation in the River Cinca was 16-21°C,
while in the River Ara it was 18-26°C.

Benthic Communities

The species compositions, density, and biomass of macrobenthic communitiés are shown in Table 11 for
cach sampling. Community composition is dominated by species belonging to the orders Diptera and

Table | Water physico-chemical characteristics of Cinea and Ara Rivers

River Cinca River Ar

Winter  Summer  Autumn Winter  Summer Autumn
Wiater Temperature B0 215 55 95 19-0 4:5
Conductivity p§ cm™' 21 240 26l 30 F1] 275
pH 704 7-72 828 78 775 82
Alkalinity meg 1™ 248 2 241 2-16 8 2.7
Chloride mg 17! 70 100 10 ] 50 1000
Caleium mg | 3928 26-4 29-6 44-00 22-8 280
Magnesium myg |~ Q67 T63 12:15 12:15 87 87
Hardness °F 138 975 126 16-0) 93 118
Drisolved oxyeen (mgl ') R U4 -8 11 102 [1-8
Orthophosphates g-at P-PO, |7 01 e {1141 2 (18 -3
Nitrates mgN-NOy 17! (-t (1410 {1y 44 i3 -8
Nitrites mgN-NO, 1! (003 (04 LT EHIES 004 -
Ammonia mg | (103 13 (404 {132 k13 =012
Silicam g-at.Si-Si0; | 1ok 1-92 = Jeid 4-5 -
Flow m’ s™' 548 - 58 25 - 13
Water velocity ms™' {50 - (-4 (62 - 076
Chlorophile *a’ mg m* (0-45 025 -84 0:33 136 072
Margalef's index D“.-'D""' 243 (M) 300 617 4.0 4:23
MNP ratio 723 - 10-301 2.32 5.87 27-33
CPOM mg '™’ 7 11 i £ S [ Il 2. 55 11 0E* 0% 2301070 g2t
FPOM mg 17 09* 1074 145107 24040t P 2810t 0510

UPOM mg | 0-4*107* - - AR (L - -
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Ephemeroptera in the River Cinca (90 per cent in numbers), while in the River Ara dominance is shared
by Ephemeroptera, Diptera, Trichoptera, and Coleoptera, The number of species in the River Ara
(18-28) is always superior to the number in the River Cinca (16-27) during the three seasons that were
sampled,

The fluctuation of species richness during the year also differs between the rivers. In the River Ara the
minimum number of taxa is registered in winter after the autumn floods, following a strong increase in
taxa from September to December. In the River Cinca very few taxa are found from December to
February, while in September the faunistic richness is greatly increased.

In the River Ara benthi¢ densities (Table 1) fluctuate markedly from winter (1730 m %) to summer
{4940m 7). In the River Cinca these changes are less important, with a maximum in December
(3806m~*) and a minimum in September (2310m™'). The seasonal homogenity of the River Cinca
communities is again shown by their biomass (Table 111), which is practically constant (0-81-1-10gm %)
while in the River Ara the biomass decreases strongly from February (3:5gm™) to December
(1-17gm™"). Also it can be asserted that the benthic biomass in the River Ara is always higher than in the
River Cinca, especially in summer (P<<0-1).

The frequency in occurrence of different taxa indicate that the River Cinca communities present a
simplified structure, dominated by chironomids which constitute 70 per cent. Only in September were
other taxa codominant: Baetis rhodani (39-4 per cent. Chironomidae (30-5 per cent), Eedyonurus sp. (6:3
per cent) and Baetis fuscatus (3 per cent). In contrast, the River Ara presents a much higher struetural
complexity (no taxon represents more than 35 per cent) during the whole year. Shannon diversity index
(Table 1) reflects the same pattern: in the River Ara diversity values fluctuate between 2-87 and 3-58 and
in the River Cinca are between 1-55 in February and December to 2-64 in September. Also the
communily eveness evolves similarly, with the River Cinca values being always smaller and with a
maximum in summer,

The trophic structure of the benthic communities is shown in Table 1V, Seasonal fluctuations are more
marked among all trophic groups in the River Ara than in the River Cinca, Collectors are the most
abundant group, representing 50 per cent of the biomas in the River Cinca, while in the River Ara they
oscillate from 34 per cent to 68 per cent. In both rivers predators represent one third of the total biomass
with greatest numbers in summer and grazers represent 15 per cent of the biomass for most of the year,
except in summer when numbers fall to less than 5 per cent,

Both rivers are clearly heterotrophic with fine particulate organic matter (FPOM) providing the main
energy source. Comparing the collectors’ biomass with the quantity of FPOM in the water, only in the
River Cinca is there a significant correlation (P<0-05)., However, comparing shredders’ biomass with
CPOM, only in the River Ara is there a significant correlation (P<0-1). Finally, grazers biomass is not
correlated with chlorophyll content or with the Margalef index. It appears that the qualitative
characteristics of energy inputs are the main controls of the macrobenthic trophic structure.

Table I11. Macrobenthic community structure in Rivers Ara and Cinca (mean values and
standard derivations for number of taxa, individual density, biomass. diversity and evenness)

R. Ara R. Cinca
Winter Summer  Autumn Winter  Summer Autumn

No. Taxa i 15-5 25 20 107 19-7 12

(o) (33 (44} (3-5) (2-1) (0 (1)
Density % 1730 4494939 4671 2742 2396 3806
ind.m™* (o)  (726:2) (2344-4) (994:6) {2779-9) (585-9) (1260-8)
Biomiss i 35 2-37 117 1-10 097 {151
(gm™*) (o) (3-63) (0-84)  (h31) (037 (0-33)  (0-49)
Diversity % 330 358 288 1-51 2-64 1-36

Evenness (%) % £2.39 7375 964 A7:83 Sh:81 3908
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Table TV, Macrobenthic community trophic structure. in biomuss terms, from rivers Ari

and Cinca
R. Ara R. Cinca
Trophic Winter  Summer  Autumn Winter  Summer  Autumn
Eroups gmt %em T %agmT TgmT SpmTt hgme
Predutors 30 105 &0 140 27 0-30 334 39 (41 38 032
Cirazers 3 01 1 00 16 019 17 19 4 004 15 013
Collectors 08 238 34 081 35 0 51 156 49 051 43 0:36
Shredders 0 a 5 002 2 02 I 0l 8 o408 4 (413

Drift during the daylight hours presents lower density values in the River Ara (& = (:77. o = 0-18)
than in the River Cinca (X = 1:32, o = 1.98). Drift composition (Table V1). as it is in the macrobenthos,
1s much more homogeneous between seasons in the River Cinca and is dominated by Chironomidae
(more than 60 per cent). In contrast, in the River Ara the composition changes during the year:
Chironomidae and Psychomyia pusilla are most abundant in February; Baetis vardarensis, Psvehomvia
pusilla and Chironomidae are dominant in September; and Diptera (Simuliidae and Chironomidae)
dominate in December.

In order to study the changes of macrobenthic communities in space and time, a presence-absence
matrix was generated by a Correspondences Analysis and Cluster Analysis (Dixon and Brown, 1082).
The results are presented in Figure 3. The first two axes of the Correspondences analysis account for 57-4
per cent of the variance. The projections of the samples in the plane created by the first axis defines the
seasonal pattern (Summer-autumn—winter) of the macrobenthos for both rivers (Figure 3). There are
two parallel bands in which summer samples have the greatest values (positive) in both axes and winter
ones the lowest (negative).

The similarity between samples is illustrated by the cluster dendrogram (Figure 3). At the xx' level
three groups are formed corresponding to: (1) River Ara in summer, (2) River Ara in autumn, (3) A
heterogeneous mixture of all samples of the River Cinca wih the River Ara in winter. This last group (vy')
can be distinguished from the following subgroups: (1) River Cinca in summer; (2) River Ara in winter;
(3} the rest of the River Cinca. Therefore, we may conclude that within each river the benthic community
changes gradually through the year: the communities in the two rivers change in differnet ways and the
greatest contrast is in summer. The River Cinca community is relatively homogencous throughout the
year. Temperatures seems to be the main factor controlling benthic compositions: higher summer
temperatures in ‘the River Ara promote a seasonal succession that enriches the macrobenthic
composition,

Fish commurnities

The Ara and Cinca river fisheries are dominated by trout (Salmo trutta fario Linnacus, 1758)
accompanied by barbel (Barbus barbus bocagei Steindachner, 1863), soiffe (Chondrostoma toxostoma
Vallot, 1837), and stone loach ( Noemacheiluy barbateluy Linnacus, 1958),

This study concentrates on trout populations beciuse they are the most abundant and because of their
social and economic importance. The results of the biomass evaluation in the fisheries indicate that the
relative proportion of cyprinids fluctuates from 27 per cent (autumn) to 7-4 per cent (winter) in the River
Cinca, while in the River Ara the proportions vary from 7-7 per cent (autumn) to 24 per cent {winter).

Biomass and density values of trout populations are represented in Table V. Biomass decreases from
autumn to winter, especially in the River Cinca, while density increases during the same period, The
explanantion of this fact can be found in the upstream migration for spawning of trout populations from
Mediano Reservoir (located below the sampling sites) in late autumn.
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Survival and mortality rates corresponding to age-structures of trout populations are presented in Table
V. The structures are adjusted using the Robson and Chapman (1961) model with positive significant X°
values with a confidence interval of Y5 per cent. The River Ara mortality rates are constant in both
samplings, while in the River Cinca these rates oscillate markedly from minimum values in autumn to
maximum in winter.

The weight/length relationships for each of the trout populations studied are described by the following
equations:

RIVER ARA
Autumn: W= 7925 x 10°* x L¥" (r = 0:993)

Winter: W= 27-200 x 107% x L™ (r = 0:993)
RIVER CINCA

Autumn; W= 1118 = 107% x L™ (r = 0:995)

Winter: W= 88000 x 107% x L¥ (r = (-864)

where W is the weight in grammes and L is length in mm.
Growth-curves of Ara-Cinca trout populations follow Von Bertalanffy equations;

RIVER ARA
Autumn; L = 409-7 [I = e "2 (0 = (0.950)

Winter: L = 444.5 [| — "HH0030 (0 = (0.950)

RIVER CINCA
Autumn: L = 839:99 [| — e~ "0 (= (.980)

Winter: L = 209-6 (1 — ¢”"""49 (p = ().064)

where ¢ is time expressed in years.

The annual production values of trout populations are presented in Table V. Autumn values are similar
for both rivers, indicating once more a common origin, while in winter the River Ara production is
doubled and the River Cinca production is halved.

Table V., Mean values of trout population characteristics (biomass,
density, survival and mortality rates, production and turn-over) for the
rivers Ara and Cinca

River Ara River Cinea
X*o Xt
Biomass autumn 1-85 £ (0-(05 2-59 = 001
gm- winter 1-66 £ 0-03 1-12 + 1-32
Density autumn 308 £ 001 227 £ 0:009
ind 100m~? winter 480 £ 008 360 + 424
Survival rate autumn (125 {56
winter (-26 015
Mortality autumn 139 0-58
winter 1-33 1-91
Production autumn 1-(433 1-335
gm 3y winter 2070 0610
BB autumn 054 -52

{year™") winter 1:24 0-54




ECOLOGICAL EFFECTS OF HEP SCHEME 489

Trout-benthos Interrelations

The results of stomach content analyses of trout captured during February sampling are present as
frequency of occurrence in Table VI, We have compared the macrobenthic composition with the stomach
content using frequency analysis (x°) because numerical analysis was too variable (see Hynes, 1950 or
Hyslop, 1980), Differences were significant in the River Ara but insignificant in the River Cinca
(P<(:-001); 26-5 per cent of the benthic individuals from the River Ara belong to species are not present
in its trout stomachs, while in the River Cinca 97-1 per cent of species were common 1o both. The
terrestrial component of the diet varied between the rivers. In the River Cinca 5-3 per cent of the stomach
contents were terrestrial insects and arachnids while in the fish from the River Ara no terrestrial
arthropods were found,

Analysis of the stomach contents in relation to drift and benthic data (Table V1) suggest that the trout
prefer large predators such as Rhvacophila spp. and Perlidae supplemented by drifting Heptageniidae,
and Baetis spp. Other species are apparently avoided: these include Hydracarina, Torleva major,
Elmidae, and Orthocladinae.

Table V1. A comparison of the percentage composition of food items in trout stomachs with
that in the benthos and drift in the Rivers Ara and Cinca. The significance of the results is tested
with X (following Windell and Bower, 1978)

R. Cinca R. Ama
Fish River Fish River
% composition  Benthos  Drift % composition:  Benthos  Drift

Hydracarina 4
Bacthis 12 B-7 2 14 I-7
ns +++ +++
Heptageniidue 23 233 03 11 22 1
ns +++ — + 4+
Torleya mayor 1
ns
Perlidae 13 31 18 73
444 ot
Elmidae 4 36
Rhyacophila 5 iy 03 14 (-3 |
+++ +++ +H++
Hydropsyehe 5 346 {16 N 9.3
ns +++ ns
Psychomyia 7 i1 -9 7 27 45
o o ++ + 44
Hexatoma 2 09
ns
Orthocladiinae 32 57 92 21 21-3 A8
= == s =
Simuliidae 1
ns
Significantly rejected: — P<O0S; —— P<OMN; ——— P<(400]

Significantly selected: + P<U-05; +++ P<0-01; +++ P<040)
ns: difference not significant.
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DISCUSSION

Although the data relate to a limited sampling programme the study represents the first interdisciplinary
investigation of the effects of hydroelectric dams on rivers in Spain. At a time when the number of dams is
growing rapidly data are needed urgently in order to improve the management of existing schemes and 1o
mitigate adverse ecological effects of the new ones. Notwithstanding the above, several general
conclusions and points for discussion may be raised. Even under natural conditions within these rivers the
environment is unfavourable for biotic communities because of the important autumn and spring floods
and the instability of the branched river channel which also prevents the development of riparian
vegetation, Thus, the densities and biomass of benthic and fish communities are lower than in other
Pyrenean streams {Garcia de Jalon er al, 1988). Nevertheless, the introduction of a small capacity
hydroelectric plant on the River Cinca upstream of Ainsa, has reduced summer water lemperatures
{Figure 2b) and introduced sudden flow fluctuations within the river downstream of the dam. The
stressed nature of the macrobenthos in the River Cinca in comparison to the River Ara is reflected by the
ecological parameters (Table T,

The contrasting summer temperatures of the Cinca and unregulated Ara rivers are reflected in the
macrobenthic composition (Table 1V). Cryophilic species like Hydropsyche dinarica, Baetisgr. alpinus,
and  Capmia nigra dominate the River Cinca. In the River Ara Hydropsyche pellucidula and H.
pictetorum (Garcia de Jalon, 1986) or potamic species like Potamanthus luteus, Metalype fragilis,
Agraylea sp.. Orecrochilus viillosus, Elmis maugetii, Limnius opacus, or Onychogompus sp. characterize
the warmer waters. As a consequence, species richness of the macrobenthos is lower in the regulated
River Cinca (Table 11I{ because of the elimination of thermophilous species by competitive disadvantage.
Similar conclusions have been reached by other authors: e.g. Ward (1976) and Armitage (1984). Colder
summer temperatures in the River Cinca also affect fish communities by causing a slower growth rate and
lower productivity than in the River Ara,

Fish populations living in reservoirs often invade the streams and rivers that flow into them (See
Langford, 1983 for references). In the case of the Mediano Reservoir (downstream from the sampling
sites) these invasions are associated with spawning and occur at the end of autumn for trout and at the end
of spring for barbel and soiffe. The results of autumn sampling reflect the migration of reservoir
populations, while the winter sampling data are representative of the upstream reaches of the rivers.
Therefore, assessment of the effects of hydroelectric production is based on the results of winter sampling
(Table V). Although there are no significant differences between trout population density and biomass in
the rivers Cinca and Ara, production is markedly inferior in the River Cinca (0-61gmy ') in
comparison to the River Ara (2:07 gm 2y~ '). This is also the case for the turn-over ratio (P/B): 0-54y
in the River Cinca against 1:24y ™" in the River Ara. Values under 1-5y~" for salmonids is characteristic
of less productive waters (Chapman, 1978). The observed P/B ratios for combined cohorts tend to
decrease rapidly with increasing age and differences between the rivers may reflect age-structure
differences rather than stress effects. However, this in not the case because winter age-structure is
younger in the River Cinca than in the River Ara.

One measure of stress suffered by winter trout populations in the River Cinca is reflected in the analysis
of their food items (Table V1), as macroinvertebrates are found in their stomachs in the same proportion
as in the benthos. In contrast, in the River Ara, trout actively select the more desirable species.
Furthermore, in the River Cinca trout complement their diet with terrestrial anthropods, which is not the
case in the River Ara, [tis clear that the scarcity of food is the limiting factor for the regulated Cinca trout
populations. Comparing macrobenthos biomass (dry-weight) with trout biomass (fresh weight) reveals a
coefficient of less than one, while in the River Ara this coefficient is greater than two. Trout populations
do not seem to be directly affected by sudden flow fluctuations caused by hydroelectric demands but they
are stressed as a result of changes in the trophic chain,
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