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ABSTRACT

Brown trout density effects on the macroinvertebrate and biofilm communities of headwater streams: a cage experiment

Salmo trutta is a key species of headwater streams that is able to influence the structure of these ecosystems through predation. 
Populations of this species are being threatened by climate change and hydrological alteration. In order to understand how 
their disappearance would affect the ecosystem structure of headwater streams, we used cage experiments to analyse different 
biofilm and macroinvertebrate structural parameters and the biodiversity of their communities under different trout densities. 
Due to a heavy rain event, our experiment was destroyed on the 10th day, but the role of trout as stream ecosystemic structure 
drivers was observed, as multiple parameters were modulated by their presence or absence. In the high-density treatments, a 
significant reduction in the biomass of macroinvertebrate families that fed on biofilms was observed due to direct predation on 
them, which caused the biofilms to be more autotrophic. A decrease in brown trout population densities could cause cascading 
trophic effects on the ecosystem structure of headwater streams.

Key words: Salmo trutta, ecosystem structure, dam, climate change, Pyrenees, predation, biofilms, macroinvertebrates, head-
water streams

RESUMEN

Efectos de la densidad de truchas en las comunidades de macroinvertebrados y biofilms de los ríos de montaña: un experi-
mento con jaulas

La trucha de río es una especie clave de los ríos de montaña ya que puede influenciar la estructura de estos ecosistemas a 
través de su papel como depredadora. El cambio climático y las alteraciones hidrológicas amenazan muchas de las pobla-
ciones de esta especie. Para determinar cómo su desaparición podría afectar a la estructura del ecosistema, hemos utilizado 
experimentos con jaulas para analizar diferentes parámetros estructurales de los biofilms y los macroinvertebrados, así como 
la biodiversidad de sus comunidades, bajo diferentes densidades de truchas. Debido a un fuerte evento de lluvias, nuestro ex-
perimento fue destruido tras diez días, pero se observó el papel de la trucha en la estructura del ecosistema, ya que múltiples 
parámetros variaban en función de su presencia o ausencia. En los tratamientos de alta densidad de truchas se observó una 
disminución de la biomasa de familias que se alimentan de biofilms debido a su depredación directa por parte de la trucha, lo 
que causó que los biofilms fueran más autotróficos. Una disminución en las densidades de las poblaciones de trucha podría 
tener consecuencias tróficas en cascada en la estructura de los ecosistemas de ríos de montaña.

Palabras clave:  Salmo trutta, estructura ecosistémica, presa, cambio climático, Pirineos, depredación, biofilms, macroinver-
tebrados, ríos de montaña
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INTRODUCTION

Biotic interactions, such as predation and compe-
tition, have major influences on the organization 
of biological communities at local scales in both 
time and space (Biggs et al., 2005). Fish are key 
predators of freshwater ecosystems that are often 
linked to significant effects on benthic and litto-
ral macroinvertebrates, including their abundance, 
community composition and size structure (Morin, 
1984; Nasmith et al., 2012). The effects of fish pre-
dation on the macroinvertebrate community are 
especially observed when the predation regime is 
qualitatively (Tonn et al. 2004; Venturelli & Tonn 
2005) and quantitatively (Morin, 1984) altered. 
Aquatic food webs have provided unquestionable 
evidence of strong, community-wide effects deter-
mined by predator-driven constraints (Mancinelli 
et al., 2002). Variations on natural levels of preda-
tor abundance and habitat complexity, among oth-
er important factors, are responsible for different 
responses in a community (Crowder & Cooper, 
1982). Consequently, experimental exclusions of 
fish can alter the abundance and dominance of 
other species, highlighting the role of fish preda-
tion on the structuring of freshwater communities 
(Morin, 1984). Fish have the potential to influence 
other components of ecosystems by controlling 
the abundance of important basal resources, af-
fecting the periphyton community structure (Hill 
et al., 2000) and, consequently, the macroinverte-
brate community (Rubio-Gracia et al., 2017). 

Properly designed and controlled field ex-
periments are one of the best ways to determine 
cause and effect relationships among organisms 
(Kennelly, 1991), and cage experiments with fish 
have been proven to be effective and provide re-
liable results (Power, 1990; Rubio-Gracia et al., 
2017). Cage experiments may cause artefacts that 
controls cannot always detect, confounding the 
results and causing secondary outcomes associat-
ed with the cage, like altered algal growth, sedi-
mentation changes due to alterations in hydrody-
namics, and the confusion of experimental effects 
with local-scale patchiness of predators (Connel, 
1997). Despite this, cage mesocosms experiments 
tend to be a simplification of the natural world 
that allows us to isolate and measure process-
es but cannot be disconnected from the scale at 

which ecological phenomena occur (Ghedini et 
al., 2015).

Headwater streams are unique environments 
because of their cold waters, conspicuous season-
al and daily variations in flow, oligosalinity, and 
particular hydrological and morphological condi-
tions (Bona et al., 2008). The brown trout, Salmo 
trutta, is found in this kind of habitat due to its re-
quirements for cold and well-oxygenated waters. 
It is a generalistic-opportunistic visual predator 
(Klemetsen et al., 2003; Bylak, 2017) that focuses 
on capturing the most abundant prey, which makes 
it an important predator in headwater streams from 
the Pyrenees mountain range (Alonso et al., 2012), 
with an estimated general abundance between 
0.355 ind/m2 and 0,898 ind/m2 (García de Jalón et 
al., 1986). Its main diet consists of Chironomidae 
and other Diptera, Ephemeroptera, and, to a lesser 
extent, Plecoptera (Sánchez, 2009) invertebrates. 
This species modulates its diet, adapting it to the 
seasonal variability, the differences between rivers 
and between different microhabitats (Greenberg 
& Dahl, 1998; Nislow et al., 1998). This fact al-
lows Salmo trutta to use many different resources 
(Alonso et al., 2012), making it a good model for 
ecological experimentation. 

The Pyrenees are facing, by the end of the cen-
tury, a decrease in precipitation and an increase 
in air and water temperature (López-Moreno et 
al., 2008; López-Moreno et al., 2009). Within this 
context and considering the increasing demand 
for water and the rising presence of flow regu-
lation structures like dams (Zarfl et al., 2019), 
trout populations in Pyrenean headwater streams 
might be severely affected and could potentially 
disappear. In order to assess how this hypotheti-
cal loss of trout, a key predator of the study site, 
would affect the structure and function of Pyre-
nean headwater streams, we will perform an ex-
clusion experiment. Taking into consideration 
this theoretical framework, the objective for this 
experiment is to assess how fish (1) absence and 
(2) high density affects the stream ecosystem 
structure, measured as algal structural parameters 
(chlorophyll-a, ash-free dry mass, community 
structure, and autotrophic index) and invertebrate 
structural parameters (biomass, abundance, and 
diversity). As the brown trout is a visual and gen-
eralist predator, we hypothesize that (1) the high 



Trout role on Pyrenean streams

density of trout in the inclusion treatment will de-
crease the biomass of macroinvertebrate families 
that feed on biofilms, and thus are more exposed 
to the trout and that (2) the macroinvertebrate 
biomass reduction of these groups will increase 
the production and the biodiversity of the biofilm 
communities in the inclusion treatments.

MATERIALS AND METHODS

Study area

The study area is a small Pyrenean headwater 
stream named Catllar, an influent of the Ter Riv-
er, located in Vilallonga del Ter, Catalonia (NE 
Iberian Peninsula), with a basin located between 
1200 and 1600 m a.s.l. The stream is divided by 
a hydroelectric dam that deviates most of the up-
stream water to a hydroelectric power station, so 
downstream water comes mainly from the adja-
cent Clot de la Jaceta stream. The experiment 
was set up in the downstream part of the stream.

Mesocosms setting

We set up a mesocosms experiment with charac-
teristics that allowed us to control the fish density 
and quantify the effects of different treatments. 

We constructed cages with a wood structure and 
a plastic mesh that enclosed a volume of 0.45 m3  
(1·1·0.45 m) (Fig. 1). The bottom of the cages 
was filled with 30 cobbles (of 200-300 mm in di-
ameter), gravel, and sand from the riverbed that 
allowed the macroinvertebrate community to 
establish inside the cages. Cobbles were careful-
ly collected to minimize the disruption to biotic 
compartments. Three treatments with three repli- 
cas per treatment were established by varying the 
fish density inside each cage: (1) control cages 
with open sides, thus exposed to actual fish densi-
ties and used to account for potential artefacts of 
the cages, (2) exclusion cages without trout sim-
ulating the future possibility of their disappear-
ance, and (3) inclusion high-density cages with 
2 trout. Cages were separated by a minimum of 
10 m between them to avoid interferences. Trout 
were caught from the same stream by electrofish-
ing (LR-24 Smith-Root Ltd. 120V DC-0.6 A), 
meeting the standardized European normative 
(CEN, 2003). The fish caught were weighed and 
measured (standard length), and the ones with 
the previously determined normal size distribu-
tion for that stream (6-12 cm standard length) 
were used for the mesocosms setting. This size 
was also chosen in order to avoid cannibalism, 
as this behavior can begin after they surpass 12 

Figure 1.  Setting of the mesocosms experiment in the stream, showing the three fish treatments: control treatment (open cages), 
exclusion treatment (closed cages without trouts) and inclusion treatment (closed cages with trouts). Estructura del experimento de 
mesocosmos en el río, mostrando los tres tratamientos con peces: tratamiento de control (cajas abiertas), tratamiento de exclusión 
(cajas cerradas sin truchas) y tratamiento de inclusión (cajas cerradas con truchas).
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cm in standard length (Sánchez, 2009). Feeding 
intensity in S. trutta increases with temperature, 
the highest being in spring and summer (Alonso 
et al., 2012). The experiment started in July 2020, 
with the objective of running it for two weeks, 
removing leaves, branches, and detritus from the 
mesh every two days in order to avoid artefacts. 
This period has been demonstrated to be sufficient 
to allow the detection of fish effects on periphy-
ton and invertebrate assemblages (Rubio-Gracia 
et al., 2017). Unfortunately, after 10 days of ex-
perimentation, an intense rain event caused the 
water flow of the stream to rise, which destroyed 
most of the cages and the experiment had to be 
suspended, having only been able to sample the 
cages once, after 7 days. 

Sample collection

Biofilm and macroinvertebrate samples were 
planned to have been taken 7 and 14 days after 
the start of the experiment, but due to the cages 
being destroyed on the tenth day, only the first 
sampling after 7 days was performed. Informa-
tion on the biofilm and macroinvertebrate com-
munity of the stream was previously obtained 
during a two-year span and was used in order to 
understand the initial conditions of the experi-
ment (López-de Sancha et al., 2022).

Biofilm samplings and analyses

Biofilm samples were taken by scraping 25 cm2 
of the surface of random cobbles in the cage and 
stored in 30 ml vials with stream water. Two repe-
titions for each sampling were performed in order 
to obtain samples for the algal community, chloro-
phyll-a (Chl-a), and Ash-Free Dry Mass (AFDM) 
analyses. Chl-a and AFDM samples were frozen 
until their analysis. For the algal community anal-
ysis, a 15 µl drop of 4 % formalin was added to 
the fresh sample in order to preserve it and was 
stored cold until its analysis. 

To analyse the Chl-a and AFDM concentra-
tion of the samples, we used 47 mm diameter 
glass-fiber filter papers to void-filter them. The 
solid residue was put together with the paper in 
a glass container with 20 ml of 90 % acetone in 
order to extract its Chl-a, and was preserved in 

cold storage, covered from light, for 24 hours. 
After that period, it was sonicated (Ultrasonic 
bath, J.P. Selecta) for 2 minutes to promote cell 
lysis and improve the Chl-a extraction, and then, 
using another pre-dried and weighed filter paper, 
it was filtered again. Extra acetone was used to 
wash all the periphyton, and the total volume was 
considered for the calculations. The filtered ace-
tone contained the Chl-a of the sample, which 
was measured by using a spectrophotometer 
(Shimadzu UV-1800) following the methodology 
described in Jeffrey and Humphrey (1975). We 
dried the residue on the paper at 50 ºC for one 
week and weighed it in order to measure the dry 
mass of the biofilm. Afterwards, it was dehydrat-
ed at 450 ºC and weighed again to measure its 
ash-free dry mass. 

Using the absorbance lectures of the spectro-
photometer and the biomass measurements, we 
calculated different extra indexes. Firstly, the 
430/665 index, which is calculated by dividing 
the absorbance of light at 430 nm and 665 nm. 
Secondly, the percentage between organic and in-
organic matter, which is the result of dividing the 
dry mass weight by the ash weight. Lastly, the au-
totrophic index, obtained by dividing the AFDM 
by the Chl-a content. 

In order to analyse the algal community struc-
ture of the biofilms, a 15 µl drop of the scraped 
sample was mounted under a 22x22 mm slide cov-
er and observed with an optic microscope (Nikon 
E600, Tokyo, Japan) at ×400 to identify all algal 
species found (mainly diatoms) to a genera taxo-
nomic level, counting until 300 cells. 25 cells per 
genera found were measured in different dimen-
sions in order to estimate its cellular biovolume 
from the shape equations proposed by Hillebrand 
et al. (1999). Total algal biovolume per sample 
was calculated by multiplying the cell abundance 
by the calculated biovolume for each genus and 
then expressed as density (µm3/cm2) considering 
all the surface and volume measurements.

Macroinvertebrate samplings and analyses

Macroinvertebrate samplings were performed on 
each cage by taking out 5 cobbles and using a 
hand net to remove 0.0625 m2 of sand and grav-
el (corresponding to the surface of the hand net) 
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from the cages. Macroinvertebrates were washed 
from the cobbles and sediment and stored in al-
cohol until their identification. Individuals were 
identified using a stereoscopic microscope (Op-
tika SZR-10) by means of identification keys 
(Campaioli, 1999; Malicky, 2004; Tachet et al., 
2010; Oscoz et al., 2011). Taxonomic resolution 
was based on the IBMWP biological quality in-
dex (Alba-Tercedor et al., 2002) in which taxa 
were identified up to family level, except for 
Nematoda, Nematomorpha, Oligochaeta, Ostra-
coda, Hydracarina, and Collembola. For each 
sample, all individuals found were counted. Tax-
on abundance was calculated by extrapolating 
the abundance of all individuals of each taxon 
present on the analysed fraction plus the number 
of individuals on the rest of the sample. Consid-
ering the sampled area, results were expressed 

in density (ind/m2). Dry mass for each taxon in 
the samples was assessed using a representative 
sub-sample of each taxon dried at 60 ºC, until 
constant weight, using a drying oven (Raypa 
DOD-20) and weighed using an analytical scale 
(Sartorius Practum 124-1S). For biomass calcu-
lations, sub-samples that did not reach the detec-
tion limit (DL = 1 mg) had an assigned value of 
0.7·DL. Samples that had 30 % of the taxa under 
the detection limit were not considered (Gough 
et al., 1998; Bennet et al., 2000). Total weight 
of each sub-sample was divided by their total 
number of individuals. These values were mul-
tiplied by the abundance, and the biomass was 
expressed as mg of dry mass/m2 for each taxon. 
Finally, the Iberian Biological Quality Index for 
macroinvertebrates (IBMWP) was calculated 
(Alba-Tercedor et al., 2002).

Table 1.  Biofilm and macroinvertebrate analysed variables after 7 days of the experiment, with their average and standard deviation 
values, plus the results of the ANOVA analysis, with the F value and its significance (p-value). Variables include Chlorophyll-a (Chl-a) 
concentration, ash-free dry mass concentration (AFDM), index 430/665, autotrophic index (A.I.), inorganic matter concentration 
(I.M.), organic matter percentage (% O.M.), algal biovolume, macroinvertebrate biomass, macroinvertebrate density, and IBMWP bio-
diversity index. Significant values are in bold. Variables analizadas de biofilms y macroinvertebrados después de 7 días de experimen-
to, con sus valores promedio y de desviación estándar, más los resultados del análisis ANOVA, con su valor F y significación (p-valor). 
Las variables incluyen la concentración de Clorofila-a (Chl-a), concentración de biomasa seca sin ceniza de biofilms (AFDM), índice 
430/665, índice autotrófico (A.I.), concentración de materia inorgánica (I.M), porcentaje de materia orgánica (% O.M.), biovolumen 
algal, biomasa de macroinvertebrados, densidad de macroinvertebrados e índice de biodiversidad IBMWP. Los valores estadística-
mente significativos se muestran en negrita.

Variables Control Exclusion Inclusion F value p-value  

Chl-a (mg/m2) 28.81 ± 16.58 19.52 ± 6.94 25.60 ± 7.07 0.536 0.610 

AFDM (mg/m2) 801.18 ± 233.77 610.27 ± 50.95 598.28 ± 105.95 1.704 0.259 

430/665 2.04 ± 0.07 2.04 ± 0.03 2.01 ± 0.02 0.540 0.609 

A.I. 31.19 ± 11.68 34.72 ± 14.63 25.14 ± 9.59 0.478 0.642 

I.M. (mg/m2) 1477.46 ± 356.73 1109.25 ± 211.86 1558.76 ± 336.10 1.811 0.242 

%O.M. 35.00 ± 6.22 35.78 ± 3.19 27.86 ± 1.68 3.319 0.107 

Biovolume (µm3/cm2) 9.22x106 ± 4.88x106 1.08x107 ± 7.23x106 1.36x107 ±  6.79x106
 0.370 0.705 

Macro. Biomass (g/m2) 0.85 ± 0.26 0.79 ± 0.54 0.73 ± 0.36 0.068 0.935 

Macro. Density (ind /m2) 1398.53 ± 313.99 1113.57 ± 123.72 2236.87 ± 981.26 3.885 0.083 

IBMWP 124.00 ± 26.06 118.67 ± 2.52 108.33 ± 20.84 0.510 0.624 
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Statistical analyses

All statistical analyses were performed using the 
R software version 1.2.1335. The metrics used for 
biofilm, macroinvertebrate, and abiotic parame-
ters analyses were checked for normality using 
the Shapiro test and for homoscedasticity using 
the Levene test. If data was not normal, it was 
transformed using logarithms in order to reach 
data normality. All the variables were compared 
between treatments using ANOVA analyses for 
dependent variables.

RESULTS

None of the analysed general biofilm and macro-
invertebrate structural variables (Table 1) present-
ed statistically significant differences between 
treatments after 7 days of experimentation. De-
spite this, a qualitative impact of the trout inclu-
sion was observed, in which there was a reduction 
in the organic matter proportion and promotion 
of the autotrophy of the biofilm (relation between 
AFDM and Chl-a). Considering the algal com-
munity of the biofilms (Table 2), we only found 
an effect of the treatment with the Cymbella ge-
nus, since no individuals were found in the inclu-

sion treatment. Qualitatively, it was observed that 
the algal genera Gomphonema was favoured by 
the trout inclusion, while Cocconeis density di-
minished. 

Considering the macroinvertebrate families, 
we observed that three of the families (Baetidae, 
Glossosomatidae, and Simuliidae) presented dif-
ferences in their densities between treatments, 
but only Glossomatidae and Simuliidae were sta-
tistically significant (Table 3). By comparing the 
inclusion and exclusion treatments, we observed 
that, qualitatively, there was a predation pressure 
from the trout on the macroinvertebrate commu-
nity (Fig. 2). Trout consumed preferably hepta-
genids, ephemeropterans, different tricopteran 
families (Glossosomatidae; Odontoceridae, Phi-
lopotamidae and Goeridae), Ancylidae molluscs, 
Leuctridae plecopterans, Elmidae coleopterans, 
and dipterans (Empididae, Athericidae and Cer-
atopogonidae). The lack of consumption of the 
most abundant families (Baetidae, Hydracarina, 
Chironomidae and Planaridae) when the trout 
was present was remarkable. 

Previous information about the biofilm and 
macroinvertebrate community of this stream 
(López-de Sancha et al., 2022) has shown 
that, in summer, the seasonal production of the  

Table 2.  Averaged algal biovolumes (µm3/cm2), with standard deviation, of different algal genera found in the biofilms under different 
treatments after 7 days of experiment. Also, results for the ANOVA analyses checking for differences in the biovolume of each genus 
between treatments. Significant values are in bold. Valores promedio de biovolumen algal (µm3/cm2), con desviación estándar, de 
diferentes géneros algales encontrados en los biofilms bajo diferentes tratamientos tras 7 días de experimento. Además, resultados 
de los análisis ANOVA que comparan diferencias en el biovolumen de cada género entre tratamientos. Los valores estadísticamente 
significativos se muestran en negrita.

Algae genera Control Exclusion Inclusion F value
 

p-value  

Achnanthidium 4475.07 ± 3936.41 4378.39 ± 1388.15 4903.24 ± 1680.24 0.406 0.683 

Cocconeis 154167.35 ± 146875.65 116667.18 ± 45869.03 71528.09 ± 44296.55 2.986 0.126 

Cymbella 24093.43 ± 13801.25  27105.11 ± 9035.04 0.00 ± 0.00 7.300 0.024 

Fragilaria 1376.76 ± 1577.27 344.19 ± 596.15 688.38 ± 1192.30 0.583 0.587 

Gomphonema 69039.46 ± 21568.62 67658.67 ± 18576.62 128873.67 ± 67366.86 2.504 0.162 

Oscillatoria 122.93 ± 212.92 546.35 ± 328.66 375.62 ± 515.20 0.975 0.430 
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biofilm community of this stream is the lowest  
and presents a low level of biodiversity, with a 
dominance of just 3 to 6 genera, and is highly 
heterotrophic. Despite this, the macroinvertebrate 
community in summer is not the lowest in this 
season and presents high biodiversity values, with 
a dominance of filter feeder macroinvertebrates. 
Glossomatidae and Simuliidae macroinverte-
brates present similar densities in this season. 

DISCUSSION

Due to the short duration of the experiment, it 
was not possible to obtain robust and statisti-
cally significant results, but tendencies and sta-
tistically non-significant results were observed. 
Consequently, we consider the observed effects 
of the different treatments to have a qualitative 
interpretation.

Considering the biofilms, we observed chang-
es in the biovolumes of different algal genera, as 
well as in the biofilm production values, with an 
increase of the autotrophy of the biofilm in pres-
ence of the trout, but without a change in the to-
tal biomass. This could be caused by a substitu-
tion of species in each kind of treatment, which 
could be related to the different traits of the al-
gal species found (for example, Cymbella being 
a pedunculated genus), since algal communities 
in biofilms are highly sensitive to changes in the 
environment (Berthon et al., 2011; Corcoll et al., 
2012) and each type of trait provides different re-
sistance and resilience strategies to multiple stres-

sors (Round et al., 1990; Leira et al., 2009). This 
fact would indicate an impact of the trout on the 
structure of the biofilm community. 

This impact could be, on one hand, caused by 
the nutrient addition that trout excretions suppose 
in this oligotrophic environment, which would be 
promoting the autotrophy of the biofilm (Rüegg et 
al., 2011). It is known that fish are able to modify 
the biogeochemical activity of streams when they 
are aggregated by increasing the concentration 
of the dissolved nutrients with their nitrogen and 
phosphorous excretions (Capps & Flecker, 2013), 
altering the primary production and respiration 
rates of the ecosystem (Taylor et al., 2006). Al-

Table 3.  Averaged densities (ind/m2), with standard deviation, of different macroinvertebrate families (Baetidae, Glossosomatidae and 
Simuliidae) under different treatments after 7 days of the experiment. Also, results for the ANOVA analyses checking for differences 
in the density of each family between experimental treatments. Significant values are in bold. Densidades promedio (ind/m2), con des-
viación estándar, de diferentes familias de macroinvertebrados (Baetidae, Glossomatidae y Simuliidae) bajo diferentes tratamientos 
tras 7 días de experimentación. También, resultados de los análisis ANOVA que buscan diferencias en la densidad de cada una de estas 
familias entre los distintos tratamientos experimentales. Los valores estadísticamente significativos se muestran en negrita.

Families Control Exclusion Inclusion F value p-value  

Baetidae 709.90 ± 287.30 435.47 ± 152.12 1394.07 ± 640.06  4.256 0.071 

Glossosomatidae 38.97 ± 19.57 28.83 ± 9.92 5.10 ± 4.52 5.419 0.045 

Simuliidae 6.60 ± 6.32 5.03 ± 8.72 30.77 ± 5.46 12.850 0.007 

Figure 2.  Number of individuals of each macroinvertebrate 
family that diminishes in presence of the trout: differences from 
the exclusion to the inclusion treatments. Número de individuos 
de cada familia de macroinvertebrados que disminuye en pres-
encia de truchas: diferencia entre los tratamientos de exclusión 
e inclusión.
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though, the fast water flow of headwater streams 
could impede this nutrient enrichment. 

On the other hand, the changes to the biofilm 
community could be caused by the direct preda-
tory role of trout over macroinvertebrates that 
feed on biofilms. Fish presence can cause troph-
ic interactions via predation, in a cascade effect 
that modifies the biomass of the algae in the bio-
films and its organic matter content (McIntosh & 
Townsend, 1996; McIntosh & Winterbourn, 2003; 
Winemiller et al., 2014). The trout presence could 
be causing a reduction in the density of certain 
macroinvertebrate families by selective predation, 
but also by causing the macroinvertebrates to es-
cape the cage in presence of a predator. Multiple 
similar experiments (Schofield et al., 1988; Fleck-
er & Townsend, 1994; Meissner & Muotka, 2006) 
have found this kind of trout to have an impact on 
the macroinvertebrate community. 

The short duration of this experiment, plus the 
lack of replicas under different seasons, positions 
from the dam, and precipitation regimes, do not 
allow us to extrapolate robust conclusions for our 
hypotheses, but it allows us to understand that the 
brown trout has direct and indirect impacts on 
the trophic chain due to its predation on macro-
invertebrates, and due to the nutrient enrichment 
through excretions that they imply. On one hand, 
the drastic decrease in Glossomatidae abundanc-
es in the presence of trout is evidence of this di-
rect impact, as this group feeds on biofilms and is 
usually found on the surface of stream rocks, and 
builds a new protective case for each shedding, 
which makes them vulnerable to the trout preda-
tion. On the other hand, as an indirect impact, the 
nutrient increase that the trout excretions imply 
would cause a biofilm production increase that fa-
vors the Simuliidae, as this family, despite being 
mainly filter feeders, can feed on biofilms in situ-
ations and environments with a low concentration 
of particles in suspension (Tachet, 2010), which 
is a characteristic of headwater streams.

Hydrologic alterations such as damming, and 
the expected water heating and flow reduction 
due to climate change on headwater streams 
are expected to have negative consequences for 
the brown trout populations (Reyes-Gavilán et 
al., 1996; Mims & Olden, 2013; Muñoz-Mas et 
al., 2016; 2018). A decrease in the population 

densities of this species could cause cascading 
trophic effects on the whole ecosystem structure 
of headwater streams. Effective stream manage-
ment requires a better understanding of the rela-
tionship between anthropogenic alterations and 
the biotic responses of the stream biota (Mims 
& Olden, 2013). More research on this topic is 
encouraged in order to effectively manage the 
populations of brown trout and other predators 
in headwater streams.

REFERENCES

Alba-Tercedor, J., Jáimez-Cuéllar, P., Álvarez, 
M., Avilés J., Bonada, N., Casas, J., Mellado, 
A., Ortega, M., Pardo, I., Prat, N., Rieradevall, 
M., Robles, S., Sáinz-Cantero, C., Sánchez- 
Ortega, A., Suárez, M., Toro, M., Vidal- 
Abarca, M., Vivas, S. & Zamora-Muñoz, C. 
(2002). Caracterización del estado ecológico 
de ríos mediterráneos ibéricos mediante el 
índice IBMWP (antes BMWP’). Limnetica, 
21, 175-185. DOI: 10.23818/limn.33.05

Alonso, C., Gortázar, J. & García de Jalón, D. 
(2012). Trucha común – Salmo trutta. In: 
Salvador, A. & Elvira, B (eds). Enciclopedia 
Virtual de los Vertebrados Españoles. Museo 
Nacional de Ciencias Naturales, Madrid.

Berthon, V., Bouchez, A. & Rimet, F. (2011). Us-
ing diatom life-forms and ecological guilds to 
assess organic pollution and trophic level in 
rivers: A case study of rivers in south-eastern 
France. Hydrobiologia, 673, 259–271. DOI: 
10.1007/s10750-011-0786-1

Biggs, B., Nikora, V & Snelder, T. (2005). Link-
ing scales of flow variability to lotic ecosystem 
structure and function. River Research and Ap-
plications, 21, 283-298. DOI: 10.1002/rra.847

Bona, F., Falasco, E., Fenoglio, S., Iorio, L. & 
Badino, G. (2008). Response of macroinver-
tebrate and diatom communities to human-in-
duced physical alteration in mountain streams. 
River Research and Applications, 24, 1068-
1081. DOI: 10.1002/rra.1110

Bylak, A. & Kukuła, K. (2017). Concrete slab ford 
crossing – an anthropogenic factor modifying 
aquatic invertebrate communities. Aquatic 
Ecosystem Health & Management, 21, 41-49. 
DOI: 10.1080/14634988.2017.1329604



Trout role on Pyrenean streams

Campaioli, S., Ghetti, P., Minelli, A. & Ruffo, 
S. (1999). Manuale per il riconoscimento dei 
macroinvertebrati delle acque dolci Italiane. 
Vol. II. Provincia Autonoma di Trento. Italia.

Caps, K. & Flecker, A. (2013). Invasive fishes 
generate biogeochemical hotspots in a nu-
trient-limited system. PLoS ONE 8, e54093. 
DOI: 10.1371/journal.pone.0054093

CEN. European Committee for Standardization 
(2003). Water Quality – Sampling of fish with 
electricity. CEN EN 14011:2003.

Connel, S. (1997). Exclusion of predatory fish 
on a coral reef: the anticipation, pre-emp-
tion and evaluation of some caging artefacts. 
Journal of Experimental Marine Biology and 
Ecology, 213, 181-198. DOI: 10.1016/S0022-
0981(96)02773-6

Corcoll, N., Bonet, B., Leira, M. & Guasch, H. 
(2011). Chl-a fluorescence parameters as bi-
omarkers of metal toxicity in fluvial biofilms: 
an experimental study. Hydrobiologia, 673, 
119-136. DOI: 10.1007/s10750-011-0763-8

Crowder. L., & Cooper, W. (1982). Habitat struc-
tural complexity and the interaction between 
bluegills and their prey. Ecology, 63, 180-183. 
DOI: 10.2307/1940122

Flecker, A. & Townsend, C. (1994). Communi-
ty-wide consequences of trout introduction in 
New Zealand streams. Ecological Applica-
tions, 4, 798–807. DOI: 10.2307/1942009

García de Jalón, D., Tolosana-Esteban, E. & 
Rodríguez-Alcalde, F. (1986). Estimación de 
algunos parámetros poblacionales de la tru-
cha común (Salmo trutta fario) en los ríos 
Pirenaicos. Boletín de la Estación Central de 
Ecología, 15, 51-58. ISBN: 0210-2536.

Ghedini, G., Bayden, D., Russel, D. & Connel, 
S. (2015). Trophic compensation reinforces 
resistance: herbivory absorbs the increasing 
effects of multiple disturbances. Ecology Let-
ters, 18, 182-187. DOI: 10.1111/ele.12405

Greenberg, L. & Dahl, J. (1998). Effect of habitat 
type on growth and diet of brown trout, Sal-
mo trutta L., in stream enclosures. Fisheries 
Management and Ecology, 5, 331-348. DOI: 
10.1046/j.1365-2400.1998.540331.x

Hill, B., Willingham, W., Parrish, L. & McDar-
land, B. (2000). Periphyton community re-
sponses to elevated metal concentrations in a 

Rocky Mountain stream. Hydrobiologia, 428, 
161-169. DOI: 10.1023/A:1004028318542

Jeffrey, S. & Humphrey, G. (1975). New spectro-
photometric equations for determining chloro-
phyll a, b, c1 and c2 in higher plants, algae 
and natural phytoplankton. Biochemie und 
Physiologie der Pflanzen, 167, 191-194. DOI: 
10.1016/S0015-3796(17)30778-3

Kennelly, S. (1991). Caging experiments to 
examine the effects of fishes on understo-
rey species in a sublittoral kelp community. 
Journal of Experimental Marine Biology and 
Ecology, 147, 207–230. DOI: 10.1016/0022-
0981(91)90183-W

Klemetsen, A., Amundsen, P., Dempson, J., 
Jonsson, B., Jonsson, N., o’Connell, M., et 
al. (2003). Atlantic salmon Salmo salar L., 
brown trout Salmo trutta L. and Arctic charr 
Salvelinus alpinus (L.): a review of aspects 
of their life histories. Ecology of Freshwater 
Fish, 12, 1–59. DOI: 10.1034/j.1600-0633. 
2003.00010.x

Leira, M., Chen, G., Dalton, C., Irvine, K. & Tay-
lor, D. (2009). Patterns in freshwater diatom 
taxonomic distinctness along an eutrophica-
tion gradient. Freshwater Biology, 54, 1-14. 
DOI: 10.1111/j.1365-2427.2008.02086.x

Alejandro López-de Sancha, Romero Roig, Iara 
Jiménez, Anna Vila-Gispert & Helena Guasch 
(2022): Impacts of damming and climate 
change on the ecosystem structure of head-
water streams: a case study from the Pyre-
nees. Inland Waters, DOI: 10.1080/20442041. 
2021.2021776

López-Moreno, J., Goyette, S. & Beniston, M. 
(2008). Climate change prediction over com-
plex areas: spatial variability of uncertainties 
and predictions over the Pyrenees from a set 
of regional climate models. International 
Journal of Climatology, 28, 1535-1550. DOI: 
10.1002/joc.1645

López-Moreno, J., Goyette, S. & Beniston, M. 
(2009). Impact of climate change on snow-
pack in the Pyrenees: Horizontal spatial var-
iability and vertical gradients. Journal of 
Hydrology, 374, 384-396. DOI: 10.1016/j. 
jhydrol.2009.06.049

Malicky, H. (2004). Atlas of European Trichop-
tera. 2nd Edn. (Springer: Dordrecht).



López-de Sancha et al.

Mancinelli, G., Costantini, M. & Rossi, L. (2002). 
Cascading effects of predatory fish exclusion 
on the detritus-based food web of a lake lit-
toral zone (Lake Vico, central Italy). Oecolo-
gia, 133, 402-411. DOI: 10.1007/s00442-002-
1001-x

Mcintosh, A. & Townsend, C. (1996). Interac-
tions between fish, grazing invertebrates and 
algae in a New Zealand stream: a trophic 
cascade mediated by fish-induced changes to 
behaviour? Oecologia, 108, 174–181. DOI: 
10.1007/BF00333229

Mcintosh, A. (2002). Impact of introduced trout 
on Nesameletus mayfly populations measured 
using electrofishing. Archiv für Hydrobiol-
ogie, 154, 375–392. DOI: 10.1127/archiv- 
hydrobiol/154/2002/375

Mims, M. & Olden, J. (2006). Fish assemblages 
respond to altered flow regimes via ecological 
filtering of life history strategies. Freshwater 
Biology, 58, 50-62. DOI: 10.1111/fwb.12037

Morin, P. (1984). The impact of fish exclusion 
on the abundance and species composition of 
larval odonates: results of short-term experi-
ments in a North Carolina farm pond. Ecolo-
gy, 65, 53-60. DOI: 10.2307/1939457

Muñoz-Mas, R., Marcos-García, P., Lopez- 
Nicolas, A., Martínez-Capel, F. & Pulido- 
Velázquez, M. (2016). Shifts in the suitable 
habitat available for brown trout (Salmo trutta 
L.) under short-term climate change scenarios. 
Science of the Total Environment, 544, 686-
700. DOI: 10.1016/j.scitotenv.2015.11.147

Muñoz-Mas, R., Marcos-Garcia, P., Lopez- 
Nicolas, A., Martínez-Capel, F. & Pulido- 
Velazquez, M. & Martínez-Capel, F. (2018). 
Combining literature-based and data-driven 
fuzzy models to predict brown trout (Salmo 
trutta L.) spawning habitat degradation in-
duced by climate change. Ecological Model-
ling, 386, 98-114. DOI: 10.1016/j.ecolmodel. 
2018.08.012

Nasmith, L., Tonn, W., Paszkowski, C. & 
Scrimgeour, G. (2012). Limited effects of 
stocked trout on littoral invertebrates in bo-
real foothills lakes. Canadian Journal of Fish 
Aquatic Science, 69, 178-190. DOI: 10.1139/
f2011-145

Nislow, K., Folt, C. & Parrish, D. (1998). Food 

and foraging behaviour in relation to micro-
habitat use and survival of age-0 Atlantic 
salmon. Canadian Journal of Fisheries Aquat-
ic Sciences, 5, 116-127. DOI: 10.1139/f97-222

Oscoz, J., Galicia, D. & Miranda, R. (2011). Iden-
tification Guide of Freshwater Macroinverte-
brates of Spain. Springer. Dordrecht.

Power, M. (1990). Effects of fish in river food 
webs. Science, 250, 811-814. DOI: 10.1126/
science.250.4982.811

Reyes-Gavilán, F., Garrido, R., Nicieza, A., To-
ledo, M. & Braña, F. (1996). Fish communi-
ty variation along physical gradients in short 
streams of northern Spain and the disruptive 
effect of dams. Hydrobiologia, 321, 155-163. 
DOI: 10.1007/BF00023171

Round, F., Crawford, R. & Mann, D. (1990). The 
Diatoms. Biology and Morphology of the Gen-
era. Cambridge University Press, Cambridge. 

Rubio-Gracia, F., Almeida, D., Bonet, B., Casals, 
F., Espinosa, C., Flecker, A., García-Berthou, 
E., Martí, E., Tuulaikhuu, B., Vila-Gispert, A., 
Zamora, L. & Guasch, H. (2017). Combined 
effects of hydrologic alteration and cyprinid 
fish in mediating biogeochemical processes 
in a Mediterranean stream. Science of the To-
tal Environment, 601–602, 1217–1225. DOI: 
10.1016/j.scitotenv.2017.05.287

Rüegg, J., Tiegs, S., Chaloner, D., Levi, P., Tank, 
J. & Lamberti, G. (2011). Salmon subsidies 
alleviate nutrient limitation of benthic bio-
films in southeast Alaska streams. Canadian 
Journal of Fisheries and Aquatic Sciences, 68, 
277-287. DOI: 10.1139/F10-145

Sánchez, J. (2009). Biología de la alimentación 
de la trucha común (Salmo trutta Linné, 1758) 
en los ríos de Galicia. (PhD Thesis. University 
of Santiago de Compostela, Spain).

Schfield, K., Townsend, C. & Hildrew, A. (1988). 
Predation and the prey community of a head-
water stream. Freshwater Biology, 20: 85–95. 
DOI: 10.1111/j.1365-2427.1988.tb01720.x

Tachet, H., Bournaud, M., Richoux, P. &  
Usseglio-Polatera, P. (2000). Invertébrés 
d’eau douce: systématique, biologie, écologie. 
CNRS Editions. Paris.

Taylor, B., Flecker, A. & Hall, R. (2006). Loss of 
a harvested fish species disrupts carbon flow 
in a diverse tropical river. Science, 313, 833-



Trout role on Pyrenean streams

836. DOI: 10.1126/science.1128223
Tonn, W., Langlois, P., Prepas, E., Danyl-

chuk, A. & Boss, S. (2004). Winterkill 
cascade: indirect effects of a natural dis-
turbance on littoral macroinvertebrates in 
boreal lakes. Journal of the North American 
Benthological Society, 23, 237–250. DOI: 
10.1899/0887-3593(2004)023<0237:WCIE-
OA>2.0.CO;2

Venturelli, P. & Tonn, W. (2005). Inventory by 

northern pike (Esox lucius) structures commu-
nities of littoral macroinvertebrates in small 
boreal lakes. Journal of the North American 
Benthological Society, 24, 904–918. DOI: 
10.1899/04-128.1

Zarfl, C., Berlekamp, J., He, F., Jähnig, S. & 
Darwall, W. (2019). Future large hydropow-
er dams impact global freshwater megafauna. 
Scientific Reports, 9, 1–10. DOI: 10.1038/
s41598-019-54980-8


