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ABSTRACT 

A natural history of the best studied animal groups from the Sierra Nevada watercourses
 
The last 50 years of research in streams and rivers from the Sierra Nevada have provided numerous contributions that, 
added to the previous studies carried out in the massif, have built a great body of knowledge on particular animal groups, 
among other organisms. From those, Ephemeroptera, Plecoptera, Trichoptera and aquatic Coleoptera have focused the 
attention of the researchers in the last decades, while more recently also the brown trout has been intensely studied. The 
data generated from these studies have laid the groundwork for the development and implementation of biomonitoring 
techniques and protocols, now coordinated through the Sierra Nevada Global Change Observatory. In this article 
we summarize the main milestones of this period, the major findings on the biology and ecology (including recent 
studies on ecological stoichiometry) of these organisms and the current framework of biomonitoring, which should be 
maintained in the future to keep on providing data for proper management programmes. We conclude by identifying the 
main challenges that must be addressed to ensure the long-term conservation of stream and river fauna in Sierra Nevada.

KEY WORDS: macroinvertebrates, brown trout, mayflies, stoneflies, caddisflies, true water beetles, biomonitoring, stoichio-
metry, Spain

RESUMEN

Historia natural de los grupos animales mejor estudiados de los cursos fluviales de Sierra Nevada

Los últimos 50 años de investigación en arroyos y ríos de Sierra Nevada han proporcionado numerosas aportaciones que, suma-
das a los estudios previos realizados en el macizo, han construido un gran cuerpo de conocimiento sobre determinados grupos 
animales, entre otros organismos. De ellos, efemerópteros, plecópteros, tricópteros y coleópteros acuáticos han centrado la aten-
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BRIEF HISTORICAL BACKGROUND

Sierra Nevada, due to its particular conditions, 
has attracted the attention of many researchers 
and naturalists since the last centuries, but not 
every ecosystem has received the same consider-
ation. In the case of the watercourses of the Sierra 
Nevada (Fig. 1), the study of their aquatic mac-
roinvertebrate fauna began at the end of the 19th 
century and generally corresponded to sporadic 
collections or inventories of captures from some 
scientific excursions to the massif (e.g., Rosen-
hauer in 1849, published in Rosenhauer, 1856).  

The same trend continued in the first two 
thirds of the 20th century, in which some taxo-
nomic studies were also carried out with descrip-

tions of new species (e.g., Navás, 1902, Schmid, 
1952, Aubert, 1952, 1954, Bertrand, 1954). It was 
in the mid-1970s and within the current Zoolo-
gy Department of the University of Granada that 
studies began to be carried out not focusing on 
the inventory or taxonomy of species only, but 
rather on the systematized study of aspects of the 
biology and ecology of different groups. In that 
decade, Professor Fernando Jiménez Millán sug-
gested to Javier Alba Tercedor, then a young bi-
ology student, to start studying the aquatic insect 
fauna of the Sierra Nevada. The first result was 
his degree thesis carried out in the Aguas Blancas 
stream (Alba-Tercedor, 1977) on the ecological 
factors that condition the spatial distribution of 
the nymphal forms of Ephemeroptera and Ple-

ción de los investigadores en las últimas décadas, mientras que más recientemente también la trucha común ha sido ampliamente 
estudiada. Los datos generados a partir de estos estudios han sentado las bases para el desarrollo y la aplicación de técnicas y 
protocolos de biomonitorización, ahora coordinados a través del Observatorio del Cambio Global de Sierra Nevada. En este ar-
tículo resumimos los principales hitos de este periodo, los principales hallazgos sobre la biología y ecología (incluyendo estudios 
recientes en ecología estequiométrica) de estos organismos y el marco actual de la biomonitorización, la cual debería mantener en 
el futuro el aporte de datos que permitan la elaboración de programas de gestión adecuados. Concluimos identificando los prin-
cipales retos que deben abordarse para garantizar la conservación a largo plazo de la fauna de arroyos y ríos de Sierra Nevada.

PALABRAS CLAVE: macroinvertebrados, trucha común, efemerópteros, plecópteros, tricópteros, coleópteros acuáticos, 
biomonitorización, estequiometría, España.

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.

Figure 1. A high mountain reach of the Alhorí stream (left) and a mid altitude reach of the Andarax River (right). Photographs by M. 
C. Fajardo-Merlo and M. J. López-Rodríguez. Tramo de alta montaña del arroyo Alhorí (izquierda) y tramo de altitud media del río 
Andarax (derecha). Fotografías de M. C. Fajardo-Merlo y M. J. López-Rodríguez.
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coptera, whose most significant results gave rise 
to several scientific publications (e.g., Alba-Ter-
cedor & Jiménez Millán, 1978, Alba-Tercedor, 
1979, Alba-Tercedor & Jiménez Millán, 1979). 
Subsequently, for his doctoral thesis he focused 
on the study of the taxonomy and ecology (eco-
logical preferences and life cycles) of the nymphs 
of Ephemeroptera from the Sierra Nevada moun-
tain range (Alba-Tercedor, 1981) with subsequent 
publications (e.g., Alba-Tercedor, 1986, 1990a), 
and which marked a turning point and the germ 
of a line of research on the streams and rivers of 
the Sierra Nevada that has lasted to the present 
day. This work was progressively joined by dif-
ferent researchers who have completed their doc-
toral theses in many cases under his supervision, 
and have continued this line of research. In this 
sense, we can highlight Antonino Sánchez-Orte-
ga (e.g., Sánchez Ortega, 1986, Sánchez-Ortega 
& Alba-Tercedor, 1989, 1990) who led the study 
of the Plecoptera order, a line of work contin-
ued by José Manuel Tierno de Figueroa (e.g., 
Tierno de Figueroa, 1998, Tierno de Figueroa 
& Sánchez-Ortega, 1999b, 2000a), Carmen Eli-
sa Sáinz-Cantero on aquatic Coleoptera (e.g., 
Sáinz-Cantero, 1989, Sáinz-Cantero et al., 1985, 
Sáinz-Cantero & Alba-Tercedor, 1991a, 1991b), 
and Carmen Zamora Muñoz on aquatic mac-
roinvertebrate communities, biomonitoring and 
taxonomy of Trichoptera (e.g., Zamora-Muñoz, 
1992, Zamora-Muñoz & Alba-Tercedor, 1992, 
Zamora-Muñoz & Alba-Tercedor, 1996). After-
wards, Pablo Jáimez Cuéllar carried out a com-
prehensive study of the Guadalfeo River Basin 
and its macroinvertebrate communities in the 
light of the requirements of the European Water 
Framework Directive (Jáimez Cuéllar, 2004), 
Manuel Jesús López Rodríguez studied the biol-
ogy and ecology of some species of Ephemerop-
tera and Plecoptera from the massif (e.g., López-
Rodríguez, 2008, López-Rodríguez et al., 2008) 
and Marta Sáinz Bariáin, who studied the effect 
of Climate Change on the caddisflies of the Si-
erra Nevada National Park (e.g., Sáinz Bariáin, 
2014, Sáinz-Bariáin et al., 2016). Other animal 
groups have also received some attention, such as 
Diptera Chironomidae (e.g., Casas, 1990, Casas 
& Vilchez, 1992, 1993) and Nematoda (Picazo 
Muñoz, 1988, Ocaña et al., 1989, Ocaña & Pi-

cazo, 1991, Picazo & Ocaña, 1991) and, more 
punctually, turbellarians, molluscs or water mites, 
which have been the focus of other researchers. 

Data generated during those previous dec-
ades have been used more recently, for instance, 
to assess the effect of the global warming on the 
trichopteran communities (Sáinz-Bariáin et al., 
2016). By analyzing registered changes in tem-
perature (with an average rise of 1.8oC) on the 
caddisfly communities of the Sierra Nevada dur-
ing a 20-year period on an altitudinal gradient 
range from 952 to 3050 m a.s.l., it was conclud-
ed that richness increased in altitude with maxi-
mum values at sites of intermediate-high altitude 
(1800–2000 m a.s.l.). The effects of the observed 
Climate Change may be explained by the colo-
nization of headwaters and middle reaches from 
mid-lowland species or by those from streams 
and rivers in nearby mountain chains at lower al-
titude. The observed richness increased and its as-
sociation with environmental conditions suggest 
that mountains with a considerable altitudinal 
gradient may function as refuges for species and 
populations during periods of climatic change, 
which strengthen the importance of the conserva-
tion of mountainous habitat.

In summary, we can affirm that the best stud-
ied fluvial macroinvertebrates in Sierra Nevada 
are the insects, and in particular the Ephemerop-
tera, Plecoptera, Trichoptera, Coleoptera (EPTC; 
Fig. 2) and the chironomid Diptera, with sporad-
ic citations and descriptions of new species from 
other groups (see extensive review by Rome-
ro Martín & Alba-Tercedor, 2013, Ruano et al., 
2013, López-Rodríguez et al., 2022).

More recently, also fish populations have been 
the focus of several studies. The first scientifical-
ly based results on aspects related to them in the 
Sierra Nevada were not obtained until the begin-
ning of the 21st century, after some very specific 
work had been carried out. There were two tech-
nical commissions for the management of fishing 
reserves in the province of Granada (García de 
Jalón et al., 2003) and for the genetic character-
isation of the populations of brown trout (Salmo 
trutta Linnaeus, 1758; Fig. 3) in the Sierra Ne-
vada (although this latter is an unpublished report 
authored by A. Machordon in 2003, information 
on the genetic characterisation of the Sierra Ne-
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vada populations was reported in Machordon et 
al., 2000). Prior to this, quotations of fish in the 
Sierra Nevada were based on historical docu-
ments (e.g.,  Madoz, 1845-1850), references from 

fishermen or very specific censuses for various 
purposes, such as the one carried out by Doadrio 
(2001).

In 2005, following the cataloguing of the 

Figure 2. Representatives of the most studied aquatic insect orders from Sierra Nevada (Ephemeroptera, Plecoptera, Trichoptera and 
Coleoptera). Photographs by M. J. López-Rodríguez and C. E. Sáinz-Cantero Caparrós. Representantes de los órdenes de insectos 
acuáticos más estudiados de Sierra Nevada (Ephemeroptera, Plecoptera, Trichoptera y Coleoptera). Fotografías de M. J. López-Ro-
dríguez y C. E. Sáinz-Cantero Caparrós.

Figure 3. Brown trout from a Sierra Nevada population. Photograph by E. Sofos Naveros. Trucha común de una población de Sierra 
Nevada. Fotografía de E. Sofos Naveros.
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brown trout as a species in risk of extinction in 
the Andalusian region (Franco Ruíz & Rodríguez 
de los Santos, 2001), long-term projects began, 
particularly the “Restoration of brown trout popu-
lations in Andalusia” and the “Andalusian fishing 
census”, both managed by the Regional Govern-
ment. The primary objectives of these projects 
included the management and enhancement of 
knowledge regarding fish populations in Andalu-
sia. These projects yielded highly relevant results 
for brown trout, particularly for populations of 
this species in the Sierra Nevada Mountain range. 
The research conducted by Sáez Gómez (2010) 
on the historical distribution of the species, that 
of Almodóvar et al. (2010) on the genetic charac-
terisation of these trout populations, and that of 
Barquín et al. (2010) on the determination of the 
carrying capacity of the rivers in this region for 
the populations of this salmonid, are noteworthy, 
as well as their studies on ecological flows and 
trophic preferences of the species (Barquín et al., 
2015).

Furthermore, since 2010, with the considera-
tion of the brown trout as a quality bio-indicator 
within the project for the “Monitoring of the ef-
fects of Global Change in Sierra Nevada”, several 
lines of research, developed so far in the previ-
ously mentioned projects, have been strengthened 
and are currently under investigation.

Nevertheless, most of the results obtained in 
these projects are, to date, still relegated to what 
is known as “grey literature”. It was not until 
2015 that part of them began to be published in 
scientific journals, specifically those related to 
the populations of brown trout in Andalusia. In 
chronological order, these works covered the 
current causes of the species' distribution in this 
region (Larios-López et al., 2015a), its particu-
lar reproductive phenology (Larios-López et al., 
2015b), its consideration as an indicator of Glob-
al Change (Larios-López et al., 2018), the fishing 
modality by which it is regulated (Larios-López 
et al., 2019), as well as the environmental fac-
tors that regulate its population dynamics (Lar-
ios-López et al., 2021). The majority of these 
aforementioned investigations have been either 
discussed or are based on the doctoral thesis of 
Larios-López (2017), with all of them referring to 
the Sierra Nevada brown trout populations.

Finally, it is necessary to mention the publica-
tion of two fish distribution studies that included 
sampling points in Sierra Nevada, one at national 
level (Doadrio et al., 2011) and the other specific 
to the Guadalquivir River Basin (Fernández-Del-
gado et al., 2014).

In this article we summarize the main findings 
related to the biology and ecology of species of 
EPTC and the brown trout originated in studies 
carried out in Sierra Nevada, mainly in the last 
50 years, and how they have contributed to the 
development of monitoring programmes in the 
past and that are still ongoing. Due to this wide 
temporal range, the scientific name of some of the 
species cited in the following lines have changed, 
so we have used the most recent nomenclature, 
even if in the original sources the name appears 
differently.

THE ECOLOGY OF STREAM ANIMALS 
FROM SIERRA NEVADA

In this section, we focus exclusively on studies 
made on the biology and ecology of aquatic an-
imal populations in Sierra Nevada, avoiding ex-
trapolations from studies in other areas even if 
they were made in species present in this moun-
tain massif. Our focus is on the best studied taxa: 
four orders of aquatic insects (Ephemeroptera, 
Plecoptera, Coleoptera and Trichoptera) and the 
brown trout.

Biology and ecology of nymphs and larvae of 
amphibiotic insects EPT

Earlier studies on the biology of amphibiotic 
insects EPT date back to several decades ago, 
though there are still some important lagoons 
on several aspects of some species, mainly due 
to nymphs and larvae of particular species have 
not been described and so they are not identi-
fiable. First articles focused on the ecological 
factors determining the distribution of species 
within some stream reaches (e.g., Alba-Tercedor, 
1977, Alba-Tercedor & Jiménez Millán, 1978, 
Alba-Tercedor, 1979, Alba-Tercedor & Jiménez 
Millán, 1979, Sánchez-Ortega & Alba-Tercedor, 
1989, Zamora-Muñoz et al., 1993). Further data 
obtained from a particular stream showed that for 
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both mayflies and stoneflies, flow (measured in 
the bottom), the nature of the substrate and the 
vegetation mostly conditions the distribution of 
species (Alba-Tercedor & Jiménez Millán, 1978, 
Alba-Tercedor, 1979). This was later supported 
by Sánchez-Ortega & Alba-Tercedor (1989) in 
stoneflies, who found different species were dis-
tributed differently depending on flow, substrate 
and vegetation, and according to temperature 
preferences. Further studies in the Río Monachil, 
affected by sewage discharges next to its source 
due to the presence of the ski resort, showed that 
different factors, apart from organic pollution, af-
fect at different species of mayflies and stoneflies, 
among which the most common are water tem-
perature, oxygenation and mineralization (Zamo-
ra-Muñoz et al., 1993).

These studies were the base for further re-
search on the life cycle of particular species, 
mainly on Ephemeroptera and Plecoptera ini-
tially, with the doctoral thesis of Alba-Tercedor 
(1981) and Sánchez-Ortega (1986), and later on 
with the one of López-Rodríguez (2008), but also 
on Trichoptera more recently with the doctoral 
thesis of Sáinz-Bariáin (2014).

First studies, and some later ones, focused on 
the life strategies of mayflies, and detected that 
the most prevalent life cycles in the Sierra Nevada 
species are univoltine (e.g., Alba-Tercedor, 1990a, 
1990b, Alba-Tercedor & Derka, 2003), with 
particular species having a semivoltine life cycle 
(Ephemera danica Müller, 1764; Alba-Tercedor, 
1990a), and others with bivoltine or even possibly 
trivoltine cycles [e.g., Baetis alpinus (Pictet, 
1843), B. maurus Kimmins, 1938, Alainites 
muticus (Linnaeus, 1758) or Centroptilum 
luteolum (Müller, 1776); Alba-Tercedor, 1983, 
1986, López-Rodríguez et al., 2008]. For many 
of these species, asynchronous hatching seems 
to be relatively common [e.g., Baetis rhodani 
(Pictet, 1843), B. maurus, Epeorus sylvicola 
(Pictet, 1865)/E. torrentium Eaton, 1881, E. 
danica, Serratella ikonomovi nevadensis (Alba-
Tercedor, 1983); Alba-Tercedor, 1983, 1986, 
1990a, 1990b]. In some cases, this is reflected in 
a relatively expanded emergence period, as in E. 
danica, but not always, as occurs in Oligoneuriella 
marichuae Alba-Tercedor, 1983 (Alba-Tercedor, 
1990a, 1990b). Nonetheless, this asynchrony in 

hatching seems to be population specific, and 
probably depending on ecological factors, as 
more recent studies in previously studied species 
have not found it [e.g., S. ikonomovi nevadensis 
(López-Rodríguez et al., 2008)]. Also changes in 
voltinism have been recorded in Sierra Nevada 
in the same species at different altitudes, as in 
the case of A. muticus, which shows a univoltine 
cycle at 1540 m a.s.l and a bivoltine one at 1840 
m a.s.l., or changes in the developmental period, 
as for Ephemerella ignita (Poda, 1761) or S. 
ikonomovi nevadensis (López-Rodríguez et al., 
2008). For several mayfly species, these studies 
showed different strategies in comparison to 
different European populations, while the life 
cycle of some others was similar to that found 
in other high-altitude mountains (Bauernfeind 
& Soldán, 2012). This underlines the similarities 
between Sierra Nevada and other high, temperate 
mountains, and also the particularities of being 
the southernmost mountain range with those high 
altitudes under a mostly Mediterranean climate.

Compared to mayflies, stoneflies seem to have 
less variable life cycles in Sierra Nevada, and 
changes in voltinism have not been detected in 
the populations inhabiting the mountain range. 
In particular species, there seems to be an effect 
of temperature on the developmental period, as 
recorded in Protonemura meyeri (Pictet, 1841) 
by Sánchez-Ortega & Alba-Tercedor (1990), but 
this is not so intense as in mayflies. Most spe-
cies present in Sierra Nevada have a univoltine 
life cycle (e.g., Sánchez-Ortega & Alba-Terce-
dor, 1988, 1990, López-Rodríguez et al., 2008, 
2012), but two of them, belonging to the Pelidae 
family, namely Perla marginata (Panzer, 1799) 
and Dinocras cephalotes (Curtis, 1827), have a 
merovoltine, probably three-years long, life cycle 
(Sánchez-Ortega & Alba-Tercedor, 1991). Possi-
bly also the recently described Perla andalusiaca 
Reding, 2023 has a similar strategy. Nonetheless, 
the exact duration of the nymphal development 
period should be studied in other populations of 
the massif, as in some of these species, variations 
in its length have been recorded at different lati-
tudes in relation with differences in temperature 
(e.g., Frutiger, 1987, Sand & Brittain, 2001, Tier-
no de Figueroa et al., 2015).

In Sierra Nevada, the life cycles of caddisflies 
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have not been as thoroughly studied as those of 
mayflies and stoneflies over time. Only the life 
history of Stenophylax nycterobius (McLachlan, 
1875), Annitella iglesiasi González & Malicky, 
1988 and A. esparraguera Schmid, 1952 have 
been analysed within the massif (Sáinz-Bariáin & 
Zamora-Muñoz, 2012, Sáinz-Bariáin, 2014). The 
species S. nycterobius has been found inhabiting 
headwater streams from 1704 to 3050 m a.s.l. 
(Sáinz-Bariáin & Zamora-Muñoz, 2012), above 
the limits recorded as preferential for this species 
in other European ecoregions (sensu Graf et al., 
2008). In the analysed population, the life cycle 
was univoltine, as in other regions, but with some 
phenological variations (Sáinz-Bariáin & Zam-
ora-Muñoz, 2012). This univoltine strategy was 
found also in the other two studied species, A. 
iglesiasi and A. esparraguera, analysed at differ-
ent altitudes (Zamora-Muñoz et al., 2012, Sáinz-
Bariáin, 2014, Múrria et al., 2020). In these two 
species, differences in the timing of emergence 
and the developmental rate were detected in rela-
tion with altitude, starting the emergence before at 
higher altitude. Sáinz-Bariáin (2014) also found 
correspondences between the life history of these 
species at high altitudes in Sierra Nevada and the 
life history of a close related species, Annitella 
obscurata (Mclachlan, 1876) in Norway, support-
ing similarities between the nevadensis massif 
and upper latitude regions. So, at these lower lat-
itudes, species find at higher altitudes conditions 
like those occurring at higher latitudes. This is 
especially important in cold stenotherm species 
under the current Climate Change framework, 
that would need to migrate either in latitude or in 
altitude to mitigate the effect of increasing tem-
perature. In this sense, the headwaters of Sierra 
Nevada would act as climatic refuges for aquat-
ic insects. This has been demonstrated in the 
communities of caddisflies from Sierra Nevada 
(Sáinz-Bariáin et al., 2016), as reported above. 
Regarding the species that are already relatively 
isolated in the peaks of Sierra Nevada, increas-
ing temperatures and subsequent environmental 
changes may affect their populations in the mas-
sif. In fact, in a space-for-time approach using the 
mayfly B. alpinus as species model in recently 
deglaciated mountains, Finn et al. (2014) predict-
ed that genetic diversity of the species can suffer 

significant losses and that entire species are like-
ly to be lost from these uppermost tips of stream 
networks due to decreasing influence of glaciers 
on stream hydrology. Thus, this could occur also 
in many other aquatic insect species from high 
mountain streams as, for instance, the endemics 
P. andalusiaca or Limnephilus obsoletus Rambur, 
1842 (Tinaut et al., 2024).

A key factor affecting nymphs and larvae is 
diet. Feeding ecology affects the growth rate 
and development of the immature stages and 
also has an effect on the food web of the entire 
stream community. This is particularly important 
in the case of species at the top of the food web, 
such as some stoneflies belonging to the Perlidae 
family, which act as the main macroinvertebrate 
predators in these streams, in some cases together 
with Odonata. The diet and trophic behaviour 
of several species have been studied in Sierra 
Nevada populations, mainly in stoneflies and 
mayflies, but also in some caddisflies. Within the 
EPT taxa we find representatives of every main 
functional feeding group (FFG) sensu Cummins 
(1973), though filterers have not been studied at 
the species level, but at the genus level (Tierno de 
Figueroa et al., 2019). 

Within predators, information on the diet 
of four species is available from Sierra Nevada 
populations, namely P. marginata, Perlodes 
microcephalus (Pictet, 1833), Isoperla nevada 
Aubert, 1952 and Rhyacophila nevada Schmid, 
1952 (Bello & Alba-Tercedor, 2004, López-
Rodríguez et al., 2012, Tierno de Figueroa et 
al., 2019). In the case of stoneflies, the perlid 
P. marginata was studied in several streams at 
different altitudes from four different basins 
of the mountain range and it showed a great 
variability in diet, also incorporating non-animal 
matter in some populations (Tierno de Figueroa 
et al., 2019). In a high mountain reach, P. 
microcephalus acted as a more voracious predator 
than I. nevada, and both incorporated also non-
animal matter to their diet, being generalists. The 
former had a wider prey spectrum than the latter 
that included Chironomidae, stoneflies, mayflies 
and caddisflies, among others, in comparison 
with I. nevada, which fed only on Chironomidae, 
stoneflies and mayflies (López-Rodríguez et 
al., 2012). Also R. nevada seems to feed on 
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several different prey, such as Chironomidae, 
mayflies and caddisflies, and differences in their 
proportion and importance in the diet were found 
when comparing a population upstream and 
downstream of a big reservoir in the upper part 
of the Genil River, the Canales reservoir (Bello & 
Alba-Tercedor, 2004). 

Both mayflies and stoneflies are represented 
among the collector-gatherers FFG, of which the 
mayflies E. ignita, S. ikonomovi nevadensis, A. 
muticus, B. alpinus and the stonefly Amphinemura 
triangularis (Ris, 1902) have been studied in 
Sierra Nevada (López-Rodríguez et al., 2008). 
The organic detritus is the main component of the 
diet of these species, but other resources are also 
used, as diatoms, fungi, pollen or moss phyllidia. 
In the case of B. alpinus, a switch in its feeding 
functional role to mainly scraper was reported in 
a population at lower altitude, in comparison with 
a higher altitude population. Nonetheless, in all 
these species, variability in the diet was detected. 
Capnioneura mitis Despax, 1932 is the only 
studied species in Sierra Nevada that has been 
classified mainly as shredder, though also had, 
at low altitude, an important function as scraper 
(López-Rodríguez et al., 2008). All these species 
(E. ignita, S. ikonomovi nevadensis, A. muticus, 
B. alpinus, A. triangularis and C. mitis) showed 
ontogenetic changes in their diet, in most cases 
decreasing the ingestion of detritus and increasing 
the amount of other resources such as diatoms or 
phyllidia, or, as occurring in other species such as 
R. nevada, increasing the number of prey ingested 
when bigger (Bello & Alba-Tercedor, 2004).

Other taxa have been studied at the genus lev-
el in a comparative analysis of their diet in four 
different basins from Sierra Nevada, at three dif-
ferent altitudes and in two seasons, showing re-
markable changes in their feeding behaviour, and 
so in their functional role, depending on the site, 
the availability of food sources and conditions 
(Tierno de Figueroa et al., 2019). For instance, 
the caddisfly Hydropsyche sp. acted as collec-
tor-filterer, predator, scraper or even shredder in 
some sites, Micrasema sp. behaved as collec-
tor-gatherer, scraper or shredder, and the mayflies 
Epeorus sp. and Baetis sp. were classified as both 
collector-gatherers and scrapers. 

All these results showing the variability of 

feeding habits of taxa stress the need for detailed 
studies in particular populations and sites, and un-
der different conditions, as well as the caution re-
searchers must have when assuming trophic roles 
of species in food web analyses.

A physiological aspect related with the 
fitness of particular populations is the enzymatic 
antioxidant potential. This has been studied in 
three species from Sierra Nevada, such as E. 
danica, P. marginata and Isoperla grammatica 
(Poda, 1761), as well as in others present in the 
massif but studied out of it, such as D. cephalotes 
and Hydropsyche spp. (Sanz et al., 2010, 
2017). These results showed that the enzymatic 
antioxidant potential of the P. marginata and I. 
grammatica could help them to withstand with 
adverse conditions in the framework of current 
Climate Change, though in E. danica from a low 
altitude stream reach the values of antioxidant 
capacity were the lowest of all the species 
compared, and the second greatest regarding 
oxidative damage, so showing a high oxidative 
imbalance (Sanz et al., 2017). This could make it 
especially vulnerable to disturbances, both short 
and long term.

Though several factors may act as stimulus for 
particular life cycle or phenological events, such 
as temperature, diet and photoperiod (Sweeney, 
1984), only the effect of light has been studied in 
certain species of stoneflies from Sierra Nevada 
(Tierno de Figueroa & Sánchez-Ortega, 2000b), 
showing the preference of most of them, especial-
ly C. mitis, for nocturnal emergence. This would 
reduce the effect of predators on them, such as 
birds or other arthropods, so this strategy could 
be widespread among stoneflies. In mayflies and 
caddisflies, there are no studies on the factors 
triggering the pass to the terrestrial ecosystem.
 
Biology and ecology of adult amphibiotic 
insects EPT

The studies on the ecology and biology of EPT 
during their terrestrial stage in Sierra Nevada are 
relatively scarce in comparison with those taxo-
nomical and faunistic, or even with the studies on 
the ecology and biology of nymphs and larvae. 
This lack of knowledge makes difficult to under-
stand the complex ecological relationships estab-
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lished between the river environment itself and 
the riparian zone, where the adults of these insects 
carry out part of their lives, which implies a con-
tinuous flow of matter and energy between both 
environments through the emergence of adults, in 
one direction, and the laying of eggs and death 
(mainly of the females after oviposition), in the 
opposite direction.

One important aspect of the role of these 
insects in the terrestrial environment is their 
trophic ecology. In Sierra Nevada, this aspect 
has been studied only in the case of stoneflies, 
where the feeding habits of 16 species have 
been described in different streams and rivers 
(Tierno de Figueroa & Sánchez-Ortega, 1999b, 
2000a). Those studies were pioneered for this 
animal group as a global scale because they 
considered also the diet variation along the flight 
period, showing that different species differs in 
the importance of the ingested items (pollen of 
Poaceae, Pinaceae, etc., fungi hyphae and spores, 
cyanolichens, fine particulate organic matter, 
coarse particulate organic matter...) and, also, that 
the diet change along the flight period depending 
of the resource availability in some species but 
not in others. These studies also highlighted that 
feeding in adult Plecoptera was more important 
than previously thought, as only in the large-
size species (P. marginata in these studies) 
adults appear to survive primarily on reserves 
accumulated during the nymphal stage (Tierno 
de Figueroa & Sánchez-Ortega, 1999b, 2000a). 
One important aspect not yet evaluated in this 
area is the role of the different species of stonefly 
adults and other amphibiotic insects in the diet of 
terrestrial predators such as spiders, birds, etc., as 
demonstrated in a few other places (e.g. Collier et 
al., 2002), being part of the terrestrial food webs 
(Tierno de Figueroa & López-Rodríguez, 2019). 
There are no studies on the adult feeding of the 
Ephemeroptera and Trichoptera in Sierra Nevada, 
although it is expected that Ephemeroptera species 
do not feed at all during their sub-imaginal and 
imaginal stages, as is the rule for this insect group 
with vestigial mouthparts in the winged stages 
(Sartori & Brittain, 2015), while Trichoptera 
species probably only ingest water and nectar 
(Holzenthal et al., 2015).

Published phenological studies on adults of 

amphibiotic insects in Sierra Nevada are mainly 
available for Plecoptera (e.g. Sánchez-Ortega & 
Alba-Tercedor, 1989, Tierno de Figueroa et al., 
2001), although data on adult captures of different 
groups (Ephemeroptera, Trichoptera, etc.) are 
common in taxonomic and faunistic works (see 
Ruano et al., 2013 and references herein) as 
well as in the dataset coming from the Sierra 
Nevada Global Change Observatory’s long-term 
monitoring data (see section on biomonitoring 
below). Recently, the compilation of López-
Rodríguez et al. (2024) provided a very valuable 
information useful for knowing the flight periods 
of Plecoptera and Trichoptera in Sierra Nevada, 
as well as the period of the year in which adult 
Coleoptera are present.

Studies on life cycles and life histories 
(addressed before, in the section dedicated 
to nymphs and larvae) also provide valuable 
information on the emergence date and flight 
periods of EPT taxa in Sierra Nevada. For 
example, an interesting study on the caddisfly S. 
nycterobius life history in this massif showed that 
adults emerged in September and that, contrary 
to what happens in other areas, they not migrated 
into caves for undergoing a summer diapause 
before mating, but they mate and lay eggs 
immediately after emergence when the waters 
of the streams are not yet frozen (Sáinz-Bariáin 
& Zamora-Muñoz, 2012). Zamora-Muñoz et 
al. (2012) pointed out that L. obsoletus presents 
a spring or early summer emergence, while the 
two species of Annitella, A. esparraguera and 
A. iglesiasi have an autumn or late summer 
emergence, with a more delayed emergence in 
lower altitude streams. For Ephemeroptera, there 
is also information on the emergence of many 
species obtaining from the study of their life 
cycles, such as the case of O. marichuae with a 
short emergence period beginning in late August, 
S. ikonomovi nevadensis with emergences 
between mid-June and mid-August, Torleya 
nazarita Alba-Tercedor & Derka, 2003 with a 
flight period during June (Alba-Tercedor, 1990b), 
or of the polyvoltine species of the genera Baetis 
and Centroptilum with more than one emergence 
period in different seasons (Alba-Tercedor, 1986) 
(see more information in the section on biology 
and ecology of nymphs and larvae).
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Sánchez-Ortega & Alba-Tercedor (1989) 
noted that most of the stonefly species in Sierra 
Nevada, from 19 studied species, emerged 
along two seasons. Although adults of different 
species can be found all along the year, the most 
common emergence period was the spring-
summer one, that is the typical flight period of all 
the species with long life cycles (merovoltines), 
such as D. cephalotes and P. marginata, and 
some of the univoltine species. The presence 
of adults during all the seasons makes them 
particularly important for some predators like 
birds in terrestrial environments, mainly in the 
cold seasons, when many other insects are scarce 
or inexistent. From data collected in the field, 
Tierno de Figueroa et al. (2001) studied in detail 
the phenology of several different populations 
of 16 stonefly species, cataloguing them in 
seven groups according to their flight period 
and confirming grosso modo previous results 
(Sánchez-Ortega & Alba-Tercedor, 1989). Three 
species (Protonemura alcazaba (Aubert, 1954), 
P. meyeri and C. mitis) showed an extended 
flight period, i.e., spreading during three seasons. 
Particularly interesting was the study of the 
intraspecific variations in flight periods between 
rivers in relation to water temperature, showing 
that the emergence of some species was clearly 
conditioned by the water temperature while 
in other species the photoperiod was the main 
conditioning with independence of the detected 
differences on water temperature. In this study, 
a clear temporal separation or segregation was 
observed in the flight periods, or at least in 
their maxima, of the different species of the 
genus Leuctra Stephens, 1836 (the most diverse 
stonefly genus in Sierra Nevada). This temporal 
segregation between related species, previously 
observed in other aquatic insects (including 
other stonefly taxa) from other areas, may be an 
important reproductive isolation mechanism and 
minimize the interspecific competition (Tierno 
de Figueroa et al., 2001 and references herein). 
The intraspecific differences in flight periods 
in relation to the sex have been also studied in 
11 stoneflies species (Tierno de Figueroa et 
al., 2003), quantifying them with the help of a 
protandry index (that indicate the displacement of 
the flight period of the female in relation to that of 

the male and ranging from -1 to 1) and showing 
protandry values ranging between 0.07 and 0.33. 
Those results indicated a relatively advance of 
the flight period in males (less pronounced in 
species with extended or very time-concentrated 
flight periods). Protandry is important ensuring 
that males are ready for mating when females 
begin to be available. No significant correlation 
was detected between protandry degree and 
sexual size-dimorphism degree, contradicting 
the theoretical expectations (Tierno de Figueroa 
et al., 2003 and references herein). The study 
of different populations of 12 stoneflies species 
from Sierra Nevada showed that average size of 
individuals decreased throughout the entire flight 
period in all species studied except those with 
an extended flight period (Tierno de Figueroa & 
Sánchez-Ortega, 2004). This fact could indicate 
that individuals that emerge at the beginning of 
the flight period are those with an optimal growth, 
while those that did not reach an optimal size 
should delay the emergence but constrained by 
their innate propensity to undergo metamorphosis 
during a specific time of the year, as suggested 
by some authors in different aquatic insect groups 
(Tierno de Figueroa & Sánchez-Ortega, 2004).

Adults of most of the amphibiotic insects use to 
occupy the riparian habitat and close areas, where 
they can remain on the rocks, on or hidden in the 
vegetation or flying, sometimes forming aerial 
swarms (the latest is common to Ephemeroptera, 
many Diptera and Trichoptera, etc.) or defending 
their territories (Odonata, some Diptera) (Tierno 
de Figueroa, 2000, Lancaster & Downes, 2013). 
In Sierra Nevada, a study on adults of two 
stonefly species (Plecoptera) and one caddisfly 
species (Trichoptera), showed that they exhibited 
three different strategies regarding the spatial 
distribution patterns on the riparian vegetation: 
I. nevada showed a contagious distribution, 
probably related to the existence of aggregation 
sites for mating or feeding, Chloroperla nevada 
Zwick, 1967 showed an aleatory distribution, as 
expected in this species that has a relatively higher 
mobility, and Sericostoma cf. vittatum Rambur, 
1842 showed a random and pair-wise distribution 
probably as consequence of the existence of a 
mate-guarding mechanism or the transference of 
additional material together with sperm (Tierno 
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de Figueroa et al., 2000).
Although it has been repeatedly observed in 

different mayfly species from Sierra Nevada, no 
studies have been developed on the swarming 
of these species. They carry out these swarms 
to attract females, which will enter the swarms 
and, after mating with a male, abandon it to lay 
their eggs in the water (Sartori & Brittain, 2015). 
Together with the existence of mating aggregating 
sites, stoneflies use to employ an intersexual 
vibrational communication system (with species 
specific signals produced by drumming, rubbing, 
tremulation or a combination of these methods) 
stablishing male and female duet that favour 
the mate encounter and female mate election 
(Stewart, 1994, Tierno de Figueroa et al., 2019). 
In Sierra Nevada, the drumming signal of three 
species have been described: I. nevada, P. meyeri 
and C. mitis Despax, 1932 (Tierno de Figueroa 
& Sánchez-Ortega, 1999c, Tierno de Figueroa et 
al., 2009, 2014). The male signal of I. nevada is 
a complex group of diphasic sequences (the first 
one different to the others) composed by many 
beats (Tierno de Figueroa & Sánchez-Ortega, 
1999c), while the male drumming signal of C. 
mitis is simple, consisting of a repetition of beats 
with an almost constant inter-beat duration, being 
a monophasic signal relatively simple (Tierno de 
Figueroa et al., 2009). The male drumming signal 
of P. meyeri has an intermediate complexity and 
it consists of a repetition of 3 to 11 monophasic 
sequences of a few beats each one, while the 
female signal is a long repetition of 5 to 109 beats 
(Tierno de Figueroa et al., 2014). The study of 
mating behaviour of different species of stoneflies 
from Sierra Nevada (Tierno de Figueroa, 2003) 
has shown that the existence of mate guarding 
(by the male remaining in the mating position) 
is common in this insect group, and that in some 
species the mate guarding is considerably delayed 
when displacement attempts by other males 
occur (for example in Leuctra fusca (Linnaeus, 
1758)) while in other species the duration is 
fairly constant independently of the existence of 
displacement attempts (e.g. Leuctra andalusiaca 
Aubert, 1962). This study also demonstrated, 
contrary to previous general assumptions, that 
females of some stonefly species could copulate 
more than once and evidenced that the mating 

is complex and diverse within this animal 
group (Tierno de Figueroa, 2003). Regarding 
Trichoptera, described mating strategies at 
global scale are very diverse, including the use 
of sexual pheromones (e.g. Wood & Resh, 1984), 
the vibrational signals (e.g. Ivanov, 1994), the 
visual detection of distinctive flight patterns and 
swarming (Holzenthal et al., 2015, Morse et al., 
2019), etc., for mate encounter and pair election. 
Copulations occur on vegetation or on the 
ground, sometimes inside the swarm, with males 
transferring sperm freely or in a spermatophore; 
multiple copulation by females and males as 
well as sperm displacements by other males have 
been also described in some species (Holzenthal 
et al., 2015, Morse et al., 2019). Unfortunately, 
no studies have been carried out on any caddisfly 
species on these interesting aspects of their adult 
biology in Sierra Nevada.

Information of main oviposition behaviours 
of Ephemeroptera, Plecoptera and Trichoptera is 
compiled in some reviews on this insect orders 
such as those of Sartori & Brittain (2015) for 
mayflies, DeWalt et al. (2015) for stoneflies and 
Holzenthal et al. (2015) for caddisfly, and general 
data on lifelong fecundity (number of eggs per 
female), together with information adult life 
span and other traits, for many European genera 
is available in the database of Sarremejane et al. 
(2020). In Sierra Nevada, Tierno de Figueroa & 
Sánchez-Ortega (1999a) supported a valuable 
information on the egg and clutches of 16 
stonefly species, e.g. the maximum fecundity is 
variable among species, oscillating between less 
than 100 to more than 1500 eggs, with higher 
fecundity in the larger species but with some 
exception to this rule, the female can produce a 
few clutches with or without copulation between 
them, the egg mass is transported at the end of the 
abdomen and the oviposition occur with females 
introducing the apex of the abdomen in water and 
releasing the eggs either by making short flights 
(e.g. P. marginata or L. fusca) or by skating on 
the water surface (e.g. P. meyeri or Leuctra 
iliberis Sánchez-Ortega & Alba-Tercedor, 
1988). Afterwards, Tierno de Figueroa & López-
Rodríguez (2005) studied the relationship among 
female size, fecundity, egg mean size and flight 
period in a population of I. nevada from Sierra 
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Nevada, demonstrating that the female size is a 
good indicator of its reproductive potential. So, 
bigger females, which emerge at the beginning 
of the flight period produce the greater number 
of eggs (although no difference in the egg size 
was detected) (Tierno de Figueroa & López-
Rodríguez, 2005). Regarding caddisflies, Sáinz-
Bariáin (2014) noted that Annitella iglesiasi and A. 
esparraguera mate immediately after emergence, 
that, in laboratory conditions, females laid the 
eggs just after the mating, and that egg hatching  
occurred five weeks after the egg-laying. 
 
Biology and ecology of the true water beetles

Although the aquatic Coleoptera fauna of the 
Sierra Nevada is one of the best known on the 
Iberian Peninsula (Sáinz-Cantero, 2013), studies 
on the biology and ecology of the populations of 
the Sierra Nevada are very scarce, especially with 
regard to those that inhabit its running waters 
(headwater streams, mountain rivers, irrigation 
channels, irrigation ditches), for which most of 
the data are very scattered in publications of var-
ious kinds (faunistic, taxonomic or conservation, 
for instance).

The contributions that specifically explore the 
environmental factors that determine the distribu-
tion of fluvial species or their phenology are those 
by Sáinz-Cantero (1985) and Sáinz-Cantero et al. 
(1985, 1987, 1988), referring to eight rivers of the 
western end of the massif, as well as Sáinz-Can-
tero (1989) and Sáinz-Cantero & Alba-Tercedor 
(1991a, 1991b), in this case based on data col-
lected in a hundred localities widely distributed 
throughout the Sierra Nevada.

According to the information provided by 
these studies, Coleoptera communities are 
structured in relation to the wide altitudinal 
gradient existing in the area (Sáinz-Cantero, 
1989, Sáinz-Cantero & Alba-Tercedor, 1991a, 
1991b) and show that only a very small number 
of species inhabit altitudes above 2500 m a.s.l. 
where environmental conditions are extremely 
severe (low thermal stability, high irradiation, 
short dry seasons and low nutrient levels). These 
are mainly generalist species that also occur 
in ponds or other standing water environments 
and tolerate wide ranges of temperature, pH and 

conductivity, such as Dryops gracilis (Karsch, 
1881), Haliplus lineatocollis (Marsham, 1802), 
Anacaena globulus (Paykull, 1798) or Agabus 
bipustulatus (Linnaeus, 1767), considered as 
ubiquitous species (e.g., Bilardo, 1969, Ravizza, 
1972, Van Berge Henegouwen, 1986, Ribera 
et al., 1988), and even Limnebius truncatellus 
(Thumberg, 1794) a species that in Sierra Nevada 
shows considerable ecological plasticity (Sáinz-
Cantero & Alba-Tercedor, 1991b). An exception 
is the Iberian endemic Helophorus nevadensis 
Sharp, 1916 and Helophorus glacialis A. Villa & 
G. B. Villa, 1833 (considered as a glacial relict 
species by Angus, 1985) which have always been 
found in environments with poor substrates in 
bases and very little mineralised water (Sáinz-
Cantero, 1989, Sáinz-Cantero & Alba-Tercedor, 
1991b).

The rest of the species are distributed below 
2200 m a.s.l., where environmental conditions 
are more favourable and include areas with more 
heterogeneous geological characteristics than in 
the previous altitudinal range. These communities 
are dominated by typically rheophilous species 
and, as part of them, most of the Iberian endemisms 
found in the massif (Sáinz-Cantero, 2013). Most 
of them show wide tolerance ranges with respect 
to temperature, pH, current velocity or degree 
of mineralisation of the water and are found in a 
variety of environments: from watercourses with 
considerable flow to shallow streams with weak 
current, irrigation canals or sewage ponds (e.g., 
Hydroporus discretus Fairmaire, 1859, H. lucasi 
Reiche, 1866, Elmis maugetii Latreille,1798, 
Limnius volckmari Panzer, 1793, or Hydraena 
capta Orchymont, 1936).

However, some show a certain preference for 
particularly cold waters, such as Agabus guttatus 
(Paykull, 1798) or the endemic Hydrochus 
nooreinus Berge Henegouwen & Sáinz-Cantero, 
1992 and Nebrioporus bucheti cazorlensis 
(Lagar, Fresneda & Hernando, 1987) (Sáinz-
Cantero, 1989, Sáinz-Cantero & Alba-Tercedor 
1991a, 1991b), while others prefer more or less 
mineralised aquatic environments, depending 
mainly on the lithological characteristics of the 
substrate within this altitudinal range. Thus, 
species such as Oreodytes davisii Curtis, 1831 
or the endemic Deronectes depressicollis 
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(Rosenhauer, 1856) (Sáinz-Cantero, 1989, Sáinz-
Cantero & Alba-Tercedor, 1991a) are mainly 
found in the predominantly siliceous zone of the 
Sierra Nevada, where running waters have a low 
degree of mineralisation and are poor in bases. 
Others, on the contrary, restrict their presence 
to the limestone rim bordering the massif on its 
northwestern and southern slopes, where the 
waters are more mineralised and richer in bases. 
Among these species, some show significant 
preferences for the high values of conductivity 
typical of calcareous headwaters (Sáinz-Cantero, 
1985, Sáinz-Cantero et al., 1985, 1987), such as 
the Iberian endemic Hydraena tatii Sáinz-Cantero 
& Alba-Tercedor, 1989, Hydraena carbonaria 
Kiesenwetter, 1849, Hydraena quilisi Lagar, 
Fresneda & Hernando, 1987 or the representatives 
of the genus Riolus Mulsant & Rey, 1872.

There are no specific studies on the life cycles 
of the populations of nevadensis aquatic Coleop-
tera, probably due to the difficulty of taxonom-
ically identifying their larval stages, whose dis-
tinctive characteristics have not been described 
for most of the species found in the massif. 
However, the works of Sáinz-Cantero (1985) and 
Sáinz-Cantero et al. (1987, 1988) provide an ap-
proximation to the phenology of some fluvial spe-
cies located in the extreme northwest, based on 
the presence/absence of adults or, in the Monachil 
river, of adults and larvae.

An ecological stoichiometry perspective on 
aquatic insects

Ecological stoichiometry looks at how the nutri-
ent makeup of things like plants or dead organ-
ic matter can vary a lot, while animals and other 
consumers usually keep a steadier, balanced inter-
nal nutrient composition (Sterner & Elser, 2002). 
Viewing trophic interactions as a balance -or im-
balance- of elemental exchanges helps us under-
stand how nutrient makeup influences growth, 
nutrient cycling, and energy flow. This perspec-
tive can improve our ability to predict things like 
nutrient limitation, competition for resources, 
and how ecosystems respond to environmental 
changes. A study of major rivers in the Sierra 
Nevada (Genil, Dílar, Trevélez and Poqueira), 
spanning an altitudinal gradient from headwaters 

to lower reaches, revealed notable variation in el-
emental composition across 12 aquatic insect taxa 
(Fig. 4). Carbon (C) content ranged between 44% 
and 54% of dry weight, and nitrogen (N) from 
7% to 12%, while phosphorus (P) exhibited much 
greater variability, ranging from 0.4% to 1.1% of 
dry weight (Villar-Argaiz et al., 2020). These re-
sults align with previous studies reporting C con-
tent between 40-50% and N content around 10% 
(e.g., Back & King, 2013). Strikingly, results of 
Villar-Argaiz et al. (2020) showed up to a three-
fold difference in the P content among taxa. When 
quantified using the coefficient of variation (CV), 
P displayed nearly twice variability of C and N 
(e.g., CV for P = 27% vs. C = 14%) (Villar-Argaiz 
et al., 2020). Collectively, these results indicate 
that P, rather than C or N, primarily drives differ-
ences in C:N:P ratios among benthic macroinver-
tebrates, consistent with other studies (Frost et al., 
2005 and references therein). 

One of the most compelling questions in 
ecological stoichiometry is then what drives 
variation in elemental composition among 
animals, particularly in P, the most variable of 
essential elements. Data from the Sierra Nevada 
corroborate findings from the extensive StoichLife 
dataset (González et al., 2025), showing that 
body mass is a weak predictor of interspecific 
variation in P content, while taxonomic identity 
plays a more significant role. However, it has 
been also observed that variation in elemental 
composition within taxa is comparable to -or 
even exceeded- that among taxa, highlighting 
the significant influence of ontogeny on 
stoichiometric patterns. As with taxonomic 
differences, much of this ontogenetic variability 
was driven by changes in phosphorus (P) content. 
Most intriguingly, patterns of P content across 
development differed between hemimetabolous 
and holometabolous insects (Fig. 5). For 
instance, in the holometabolous Hydropsyche 
sp., P content declined with increasing larval 
size, whereas in the hemimetabolous Dinocras 
cephalotes, P content increased with body size 
during nymphal development. These findings 
suggest that developmental mode can shape the 
relationship between body size and phosphorus 
content, potentially revealing evolutionary life 
history strategies related to nutrient demands, 
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particularly for phosphorus, which is essential 
for growth. In an analysis of nucleic acid 
content from 639 macroinvertebrate specimens 
from the Sierra Nevada, we found that %RNA -a 
phosphorus-rich molecule commonly used as a 
proxy for growth- was especially high during early 
developmental stages in holometabolous larvae 
(Villar-Argaiz et al., 2021). This pattern suggests 
an evolutionary adaptation favoring rapid growth 
in holometabolans compared to hemimetabolans. 
Furthermore, the significant interaction between 
body length and metamorphosis mode for both 

RNA content and RNA:DNA ratio provides strong 
evidence for an ontogenetic component in RNA 
allocation.

In summary, studies in the Sierra Nevada re-
veal that ontogenetic shifts in elemental composi-
tion are substantial and may have important, yet 
still poorly understood, ecological consequences. 
These could include effects on growth and nutri-
ent limitation, particularly when the elemental de-
mands of developing organisms are not met by the 
available resources, potentially leading to popula-
tion bottlenecks and broader ecosystem impacts.

Figure 4. C:N:P stoichiometry of macroinvertebrate taxa analyzed from data in Villar-Argaiz et al. (2020) and unpublished data. 
Values are presented as means ± standard deviation (SD). Coefficients of variation (CV) for C, N, and P content are shown as intras-
pecific values (above each column) and interspecific values (in parentheses). Taxa abbreviations: BAE – Baetis sp.; CHI – Chirono-
midae; HYD – Hydropsyche sp.; PHI – Philopotamus sp.; SIM – Simuliidae; DIN – Dinocras cephalotes; PER – Perla marginata; 
EPE – Epeorus sp.; LEP – Lepidostomatidae; RHI – Rhithrogena sp.;  TIP – Tipulidae. Relaciones estequiométricas C:N:P de los 
taxones de macroinvertebrados analizados a partir de datos de Villar-Argaiz et al. (2020) y datos no publicados. Los valores se 
presentan como medias ± desviación estándar (DE). Los coeficientes de variación (CV) para el contenido de C, N y P se muestran 
como valores intraespecíficos (sobre cada columna) e interespecíficos (entre paréntesis). Abreviaturas de los taxones: BAE: Baetis 
sp.; CHI: Chironomidae; HYD: Hydropsyche sp.; PHI: Philopotamus sp.; SIM: Simuliidae; DIN: Dinocras cephalotes; PER: Perla 
marginata; EPE: Epeorus sp.; LEP: Lepidostomatidae; RHI: Rhithrogena sp.; TIP: Tipulidae.
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Biology and ecology of the brown trout

The natural fish communities of the Sierra Nevada 
massif are characterised by the exclusive presence 
of the common trout (Salmo trutta Linnaeus, 1758) 
in the upper reaches of its rivers. The progressive 
increase in temperature downstream makes it 
possible for this salmonid to coexist with the native 
Andalusian barbel (Luciobarbus sclateri (Günther 
1868)), the southern Iberian chub (Squalius 
pyrenaicus (Günther 1868)) and the southern 
straight-mouth nase (Pseudochondrostoma 
willkommii (Steindachner, 1866)), although the 
generalised deterioration of river ecosystems 
limit the settlements, even within the Protected 
Natural Area itself, so these interactions are 
very occasional. Furthermore, as a result of the 
introduction of exotic species associated with 
sport fishing, the rainbow trout (Oncorhynchus 
mykiss (Walbaum, 1792)) appear in some upper 
stretches, and the North American largemouth 
bass (Micropterus salmoides (Lacépède, 1802)), 
the Northern pike (Esox lucius Linnaeus, 1758) 
or the common carp (Cyprinus carpio Linnaeus, 
1758), among others, in the middle and lower   
stretches. All these invasive alien species cause 

ecological competition, sometimes very intense, 
with the previously mentioned native species 
(Larios-López, 2017).

Without considering the introduced popula-
tions of the rainbow trout, the brown trout is the 
only continental fish that naturally inhabits with-
in the boundaries of the Sierra Nevada Nation-
al Park (Larios-López et al., 2015a). These trout 
populations, along with others that inhabit nearby 
mountain ranges in the southeast of the Iberian 
Peninsula, are the evolutionary result of those that 
found thermal refuge in this region after the last 
glacial period (Bernatchez, 2001), some 18 000 
years ago. In addition, the Sierra Nevada popu-
lations possess certain particular characteristics, 
some of which are exclusive for their entire range 
(Larios-López, 2017), including (i) being the only 
endemic salmonid populations in the region, (ii) 
being peripheral populations in the southwestern 
geographical limit of the species, (iii) develop-
ing exclusively resident lifestyles, unlike more 
northerly populations in which individuals with 
migratory strategies - "reos" - appear (SNPRCN, 
1991), (iv) possessing genetic haplotypes that are 
unique in the world (Almodóvar et al., 2010), 
(v) showing the longest and most delayed brown 

Figure 5. Phosphorus content across size classes in the holometabolous Hydropsyche sp. and the hemimetabolous Dinocras cephalotes. 
Individuals were grouped into quartile size categories based on the smallest and largest body masses observed for each taxon: small 
(S), medium (M), medium+ (M+), and big (B). Contenido de fósforo por clases de tamaño en el holometábolo Hydropsyche sp. y 
el hemimetábolo Dinocras cephalotes. Los individuos se agruparon en categorías de tamaño por cuartiles basadas en las masas 
corporales más pequeña y más grande observadas para cada taxón: pequeño (S), mediano (M), mediano+ (M+) y grande (B).
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trout reproduction periods that have been report-
ed in the literature (Larios-López et al., 2015b), 
and (v) being affected by the historical anthropo-
genic impact on watercourses in Mediterranean 
regions, intensified in recent centuries (Blondel 
et al., 2010). This last fact has caused an accel-
erated process of spatial and population regres-
sion of the brown trout in this region (Menor & 
Prenda, 2006, Sáez Gómez, 2010), intensifying 
the natural trend in the degree of threat that any 
species possesses as its populations approach 
their natural distribution edges (Hampe & Petit, 
2005). In fact, at present, brown trout populations 
in southern Spain show a high degree of popu-
lation isolation (Larios-López et al., 2015a) and 
the species was listed as Endangered in the Red 
Book of Andalusian Vertebrates (Franco Ruíz & 
Rodríguez de los Santos, 2001). For this reason, 
since 2005, the brown trout can only be fished 
in Andalusia in the sport modality of catch and 
release, a measure that, although it attempts to 
ease tensions with sport fishermen because it is a 
species with high socioeconomic value, is an in-
comprehensible management measure given the 
serious conservation status of the species in this 
region (Larios-López et al., 2019).

In relation to the extraordinary genetic im-
portance of the brown trout populations in Sierra 
Nevada, it is imperative to emphasise that these 
populations include two of the six evolutionarily 
significant units (ESUs) observed within the Ibe-
rian Peninsula (Machordom et al., 2000) and ex-
hibit four worldwide exclusive haplotypes (Alm-
odóvar et al., 2010). However, a high degree of 
genetic introgression has been observed, which 
is attributed to the historical introduction of Cen-
tral European specimens, primarily during the 
latter half of the last century. Consequently, the 
preservation of the integrity of these brown trout 
populations is imperative for the conservation of 
the species' genetic diversity (Almodóvar et al., 
2006). Furthermore, it should be noted that all the 
populations of brown trout that inhabit the Anda-
lusian Mediterranean basins are found in the Si-
erra Nevada and, in the case of the Guadalquivir 
river basin, 90% of its trout populations inhabit 
this mountain range. Specifically, Larios-López 
et al. (2015a) identified 21 populations in Sier-
ra Nevada completely isolated in the headwaters 

of almost all the sub-basins that originate in the 
massif, from 2200 to 200 m a.s.l. (lower limits 
already outside the protected area). These altitu-
dinal ranges were recently updated to 2300 - 130 
m a.s.l. (sensu Sierra Nevada Global Change Ob-
servatory, own data). All Sierra Nevada popula-
tions have upper limits of natural origin, while 
their lower limits have anthropogenic origin, all 
of them related to water management, an over-
exploited resource in the region. Therefore, the 
elimination of the anthropogenic impacts that 
currently limit these populations downstream 
would mean an increase in the altitudinal range of 
all of them and, consequently, an increase in the 
area inhabited by the species. 

On the other hand, the age distribution of trout 
populations in Sierra Nevada tends to be strong-
ly unstructured. In general, population densities 
tend to be low, with a greater presence of juve-
niles, followed by fry. The few adults are bare-
ly older than three or four years (Barquín et al., 
2010, Larios-López, 2017) and the observation 
of specimens older than eight years is usually 
punctual (Zamora et al., 2015, Consejería de Sos-
tenibilidad, Medio Ambiente y Economía Azul, 
2022). Furthermore, Barquín et al. (2010) found 
large differences in the diet ingested by these age 
classes. Fry tend to feed on Ephemeroptera and 
Plecoptera nymphs and Diptera larvae in more 
than 90% of cases, while juveniles increase the 
amount of terrestrial invertebrates in their diet, 
reaching up to 50% of the intake in the case of 
adults. When they found that terrestrial inverte-
brates did not account for the majority of food 
drift in rivers, they deduced that adult trout ei-
ther actively select these prey or find it easier to 
feed on them. This would indicate the importance 
of riparian forests as major donors of terrestrial 
invertebrates to the river environment and, there-
fore, that degradation of functional riverbanks 
could negatively affect the fitness and develop-
ment of the adult classes.

Finally, it should be noted that populations of 
any species that inhabit areas located at their eco-
logical limit (range edges) are naturally subject to 
strong selective processes, so that the emergence 
of local adaptations may be favoured (Lesica & 
Allendorf, 1995, Antunes et al., 2006). In the case 
of the populations of brown trout discussed here, 
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not only do they inhabit a natural distribution 
edge of the species (they are the southernmost in 
Europe), but also they are resident (without ana-
dromy), they possess the high ecological plastici-
ty that characterises the species in terms of high 
genetic, ecological and morphological variability 
(Bernatchez et al., 1992, Pakkasmaa & Pironen, 
2001, Klemetsen et al., 2003) and they are sub-
ject to the unpredictability that characterises the 
Mediterranean climate (stochasticity of torrential 
rains and periods of drought, fundamentally). Ac-
cording to Larios-López (2017) these four facts 
(distribution edge, residence, ecological plastici-
ty and Mediterranean climate) could have acted 
as triggering factors in the appearance of two 
specific and particular ecological adaptations in 
these populations of brown trout. These ecolog-
ical strategies refer to their reproductive period 
(Larios-López et al., 2015b) and their population 
dynamics (Larios-López et al., 2021) and would 
act at the population and metapopulation organi-
sation level, respectively.

Consequently, Larios-López et al. (2015b) 
found that the spawning season of the brown trout 
in various streams of the Baetic System, including 
Sierra Nevada, is the longest and most delayed of 
all the reproductive periods reported in the litera-
ture for this species. This was established follow-
ing the detection of egg-producing females from 
early October to late April or early May, thus giv-
ing a reproductive period of between 150 and 170 
days. The question remained whether this egg 
production was attributable to different females 
reaching maturity at varying times, or whether 
there existed females capable of producing eggs 
on multiple occasions within a single reproduc-
tive period. Recent studies (Sierra Nevada Glob-
al Change Observatory, own data) have resolved 
some of this uncertainty by detecting females ca-
pable of producing eggs twice within the extend-
ed reproductive period described. 

The other ecological response (Larios-López 
et al., 2021) refers to the fact that, in the southern 
Iberian Peninsula, the recruitment of this species 
(the annual density of fry) shows very significant 
density-independent population dynamics, as it is 
not influenced by the density of breeding adults 
(endogenous factor), but exclusively by environ-
mental factors (exogenous factors). In particular, 

their recruitment is (i) negatively influenced by 
total winter rainfall, (ii) positively influenced 
by total spring rainfall and, furthermore, (iii) it 
is synchronised by a Moran effect (sensu Moran 
1953). Larios-López et al. (2021) found that the 
metapopulation synchrony between brown trout 
demes in southern Spain, including those in Sierra 
Nevada, increases with the geographical proximi-
ty and is mainly regulated by winter precipitation 
and, to a lesser extent, spring and autumn temper-
atures. Thus, the greater the difference between 
the demes in terms of altitude, the River Habitat 
Index (IHF in Spanish; Pardo et al., 2004) val-
ue and the inhabited distance to their upper limit, 
the lower the synchrony of their populations and, 
therefore, the greater the resilience of the species 
as a whole to homogeneous environmental phe-
nomena.

BIOMONITORING OF THE STREAMS 
OF SIERRA NEVADA 

The first attempt to study aquatic macroinvertebrate 
communities in order to evaluate the quality, or 
ecological status, of Sierra Nevada stream waters 
was the degree thesis carried out by Lourdes 
García Ropero under the supervision of Professor 
Juan Carlos Jordana, in which they sampled 
the Aguas Blancas, Chico, Poqueira and Verde 
streams and where, in addition to an extensive 
physico-chemical characterisation, the results 
presented in terms of macroinvertebrates denoted 
an insufficient sampling, since in the faunal 
inventory (at the genus level) only 30 taxa were 
mentioned (Ropero García, 1984). Undoubtedly, 
the most complete works in this respect were 
those carried out on the Monachil River, studying 
the effects of the ski resort (Zamora-Muñoz & 
Alba-Tercedor, 1992), the Genil River (Madrid-
Vinuesa, 1990), the Guadalfeo River (Alba-
Tercedor & Jiménez-Millán, 1985, Jáimez-
Cuéllar, 2004) and its basin, and the Adra River 
Basin (Alba-Tercedor et al., 1986). The effects 
of the Canales reservoir on macroinvertebrate 
communities (Zamora-Muñoz & Alba-Tercedor, 
1996, Bello, 1997, Bello & Alba-Tercedor, 
2004) and on the processes of organic matter 
decomposition (Casas et al., 2000) have also been 
studied. Moreover, within the GUADALMED 
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project that focused on the study of the Spanish 
Mediterranean water courses, several streams 
of the Sierra Nevada were monitored along two 
consecutive years (Alba-Tercedor et al., 2004) 
and the resulting dataset was used to develop 
the MEDPACS (Mediterranean Prediction and 
Classification System), a predictive approach 
to the macroinvertebrate communities (Poquet 
Moreno, 2007, Poquet et al., 2009). A detailed 
analysis of the history of the biomonitoring of 
the Sierra Nevada watercourses can be found in 
Romero Martín & Alba-Tercedor (2013).

All these studies supported that in Sierra Ne-
vada water courses, the major anthropogenic 
effect affecting aquatic macroinvertebrate com-
munities is the alteration of flows and the diffuse 
pollution from the use of agricultural products, 
as well as organic sewage effluents. As a conse-
quence of these threats, a long-term monitoring 
of the streams of the Sierra Nevada was urgent, as 
well as that of other ecosystems.

In 2007, the Spanish central government 
requested Andalusia to develop planning in-
struments to complement the Spanish Climate 
Change Strategy. In this sense, the Junta de Anda-
lucía adopted a set of actions within the Andalu-
sian Climate Change Strategy. The Sierra Nevada 
Biosphere Reserve was identified as a suitable 
place to carry out studies on Global Change in 
mountain environments and participated, togeth-
er with 27 other Mountain Biosphere Reserves 
worldwide, in the International Global Change 
Research and Monitoring Network known as 
GLOCHAMORE (GLObal CHAnge in MOun-
tain REgions). Within this framework, the Sier-
ra Nevada Global Change Observatory was born 
with the aspiration of gathering useful and rele-
vant information on the functioning of the eco-
logical and socio-economic systems of the Sierra 
Nevada, with the aim of designing management 
protocols that would minimise the impacts of 
Global Change in the mountain massif and, at the 
same time, could be exportable to other places.

Monitoring by the Sierra Nevada Global 
Change Observatory in high mountain rivers of 
the massif began in 2007 for the brown trout, 
while the collection of benthic invertebrate sam-
ples (both nymphs/larvae and adults) and the in-
stallation of water temperature dataloggers began 

in 2008, covering rivers on the different slopes 
of the Sierra Nevada (Alhorí, Alcázar, Andarax, 
Bayárcal, Berchules, Dílar, Genil, Lanjarón, 
Monachil, Poqueira Torrente and Trevélez).

After more than a decade of sampling, the set 
of data obtained has provided very valuable infor-
mation on how the communities that inhabit the 
streams of the Sierra Nevada are being affected 
by the new climatic conditions within the Global 
Change framework. For instance, air temperature 
has increased significantly in Sierra Nevada by an 
average of 1.5ºC since the 1950s, with an increase 
in average water temperature of more than 0.5°C 
(Fajardo-Merlo et al., 2015, Sáinz-Bariáin et al., 
2016), which means that the thermal scenario of 
the species has changed significantly in recent 
decades.

These changes in environmental conditions 
have favoured the rise of new species to the 
high mountains of Sierra Nevada, coming from 
lowlands or nearby mountain systems, such as 
Leuctra geniculata (Stephens, 1836) and Leuctra 
cazorlana Aubert, 1962, which were captured for 
the first time in 2017 in the Genil River within 
the limits of the massif (Fajardo-Merlo, 2021), 
in the case of Leuctra cazorlana, extending their 
distribution to other streams in subsequent years. 
This trend has been also found in other aquatic 
insects, such as caddisflies (Sáinz-Bariáin et al., 
2016).

Also, at the community level, an increase in 
the richness of macroinvertebrate families was 
detected at high mountain levels in a comparative 
analysis carried out in the Monachil River (Sáinz-
Bariáin et al., 2015). In this study, several taxa 
considered exclusive to the mid-mountains of the 
Monachil River in the 1980s [Serratella ignita 
(Ephemeroptera), Perla marginata (Plecoptera) 
or Micrasema moestum (Hagen, 1868) (Trichop-
tera)] were captured above 2000 m a.s.l. The 
same was true for several families of the orders 
Diptera and Coleoptera, some of which had not 
been captured previously in this river. In contrast, 
no changes in taxonomic richness were detected 
in the mid-high mountain localities.

The continuous monitoring of streams and 
rivers from the Sierra Nevada during the last 
years have contributed to detect particular cata-
strophic events and their effects on the macroin-
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vertebrate communities. An example of this are 
the great floods caused by heavy rainfall, both 
in the Andarax River (January 2010) and in the 
Monachil River (March 2018), which caused 
drastic changes in the structure of their benthic 
macroinvertebrate community. Nonetheless, after 
these extreme events, the macroinvertebrate com-
munity in the Andarax River recovered gradual-
ly, and after only a few months it had a similar 
composition to the one before the flood, but the 
community of the Monachil river needed approx-
imately a year and a half to recover a similar com-
position to the one it had previously. This could 
be due to the fact that the river is already clearly 
impacted by the ski resort, which has hindered the 
recovery of the area, as shown in previous studies 
(Zamora-Muñoz & Alba-Tercedor, 1992).

The increasing frequency of extreme climat-
ic events may have immediate consequences for 
these ecosystems, and may have a greater impact 
on benthic fauna than constant changes in tem-
perature and precipitation. Given that one of the 
hypotheses of the effects of Global Change is the 
increase in extreme phenomena (Jourdan et al., 
2018, Coumou & Rahmstorf, 2012), long-term 
data provided by the temperature dataloggers in-
stalled in several streams from the Sierra Nevada, 
as previously mentioned, generate interesting 
data to be analysed. In the last decade, within the 
monitoring program carried out by the Sierra Ne-
vada Global Change Observatory, these data have 
been used to classify the days with temperatures 
considered extreme, showing that these days, es-
pecially those with maximum temperatures, have 
increased in their frequency considerably.

Also under this monitoring program, the fol-
low up of populations of the brown trout have 
been carried out. Data recorded over the last years 
have shown that the highest altitudinal ranges of 
distribution of this species in Andalusia are ob-
served in Sierra Nevada, where the trout can be 
located from 2313 to 130 m a.s.l. On the other 
hand, the density and biomass obtained during 
the study period show that in most census stations 
there is a downward trend, and the average data 
for the last five years seem to indicate a certain 
stability in the populations, although in none of 
them clear signs of recovery exist that would 
bring the populations closer to those recorded two 

decades ago.
Regarding the lower limits of distribution of 

the monitored streams, they have suffered re-
tractions with respect to those studied a decade 
earlier (described in Larios-López et al., 2015a), 
representing a loss of more than 30% of the hab-
itat occupied by the brown trout. The maximum 
altitude currently detected and shared by numer-
ous populations in Sierra Nevada is around 2300 
m a.s.l., which could indicate the existence of an 
ecological limit in the study region. This altitu-
dinal limit should be considered in future works, 
as its variation could reveal effects related to Cli-
mate Change, which could lead to displacements 
to higher stretches of the rivers. In addition, tem-
perature increase is occurring faster in mountain 
areas than in other areas, so that transformations 
in mountain ecosystems are occurring at a faster 
rate. Thus, as a stressor, temperature increase is 
especially a component of threat to which ecto-
thermic organisms may be particularly vulnera-
ble.

At the sight of data obtained throughout these 
years of monitoring, it is important to maintain 
this follow up in the future, so as not to lose the 
uninterrupted time series of monitoring and to 
continue providing data that will help in the man-
agement of the streams and rivers of the Sierra 
Nevada.

FUTURE CHALLENGES IN THE STUDY 
OF THE STREAMS FROM SIERRA 
NEVADA

During the last 50 years, much work has been 
done on different aspects of the biology and ecol-
ogy of animal species from the Sierra Nevada. 
As mentioned before, this has generated a great 
number of publications that, ultimately, are the 
basis for a correct management of streams and 
rivers from the massif. Nonetheless, this retro-
spective view of the research carried out in these 
systems allows us to detect some particular gaps 
that should be filled up in the next years. These 
are summarized here:

•	 To maintain (and promote new) long-term 
research strategies in the streams and rivers 
of Sierra Nevada, choosing reference sites for 
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being periodically monitored. In this sense, 
maintaining the biomonitoring program of 
the Sierra Nevada Global Change Observato-
ry is essential, even incorporating the follow 
up of sentinel species as early detectors of 
Climate Change effects, recording those key 
phenological events that may clearly show 
the response of these species to changing 
conditions.

•	 To improve the dataset on life history of spe-
cies at different altitudes and under different 
thermal regimes. Currently, only a minor 
proportion of EPTC species of the total pres-
ent in the massif have been studied. Also, 
monitoring the life cycle of some of them 
throughout the years could provide interest-
ing insights on their possible adaptations to 
new conditions.

•	 To follow up changes in the distribution rang-
es of species in the massif, monitoring rising 
of the upper limits, extension of the range or 
its contraction, focusing on species in which 
their upper limit of distribution is found in 
Sierra Nevada. The identification and protec-
tion of those stream stretches that could be-
have as future thermal refuges (sensu Elliott, 
2000) for facing Climate Change could be 
helpful in this respect.

•	 In the particular case of the brown trout, it 
would be desirable to establish best practices 
to properly develop management programs. 
For this species, it is essential to investigate 
the effects of no-kill fishing on the popula-
tions and to determine whether this practice 
should be maintained or whether this species 
should be classified as "unfishable" in Sierra 
Nevada. Also locating and eradicating exotic 
species, such as the rainbow trout, and rein-
troducing the native species, with haplotypes 
characteristic of these rivers, would be neces-
sary to maintain the populations of this vul-
nerable species.

The consideration of these aspects within fu-
ture research projects and programs will increase 
the necessary data to develop proper manage-
ment strategies and to improve the current de-
cision-making protocols, which would lead to a 
better conservation of life in streams and rivers 
from the Sierra Nevada.

DEDICATORY 

We would like to dedicate this article to the 
memory of our colleagues and friends Antonino 
Sánchez Ortega, Amelia Ocaña Martín, and 
Carmen Zamora Muñoz, whose work notably 
contributed to increasing knowledge of the 
aquatic fauna of the Sierra Nevada.

AUTHOR CONTRIBUTIONS

All authors have contributed to the conceptualis-
ation, preparation of the original draft, proofread-
ing and editing of the final versión.

REFERENCES

Alba Tercedor, J. (1977). Factores ecológicos 
que intervienen en la distribución de larvas de 
Efemerópteros y Plecópteros. Estudio del río 
Aguas Blancas. (Degree Thesis. Universidad 
de Granada, Spain).

Alba Tercedor, J. (1979). Larvas de Plecópteros 
de las estribaciones de Sierra Nevada (Gra-
nada). Factores que intervienen en su distri-
bución. Boletín de la Asociación española de 
Entomología, 3, 193-198.

Alba-Tercedor, J. (1981). Efemerópteros de Sier-
ra Nevada: Ciclos de desarrollo, taxonomía y 
ecología de las ninfas. (Ph.D. Thesis. Univer-
sidad de Granada, Spain). Retrieved: https://
digibug.ugr.es/handle/10481/28727

Alba-Tercedor, J. (1983). Ecología, distribución 
y ciclos de desarrollo de Efemerópteros de 
Sierra Nevada I: Baetis maurus Kimmins, 
1938. (Ephemeroptera, Baetidae). Actas del I 
Congreso Español de Limnología, Barcelona, 
179-188.

Alba-Tercedor, J. (1986). Ecología, distribución 
y ciclos de desarrollo de efemerópteros de 
Sierra Nevada (Granada, España). II: Baetidae 
(Insecta, Ephemeroptera). Limnetica, 1(1984), 
234-246. 

Alba-Tercedor, J. (1990a). Life cycles and ecolo-
gy of mayflies from Sierra Nevada (Spain), IV. 
Limnetica, 6, 23-34.

Alba-Tercedor, J. (1990b). Life cycles and ecol-
ogy of some species of Ephemeroptera from 
Spain. In: I. C. Campbell (ed.). Mayflies and 



Natural history of lotic animals from the Sierra Nevada

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

Stoneflies: Life Histories and Biology. (pp. 13-
16). Kluwer Academic Publishers, Dordrecht, 
Netherlands.

Alba Tercedor, J., & Jiménez Millán, F. (1978). 
Larvas de Efemerópteros de las estribaciones 
de Sierra Nevada. Factores que intervienen 
en su distribución. Boletín de la Sociedad es-
pañola de Entomología, 2, 91-103.

Alba-Tercedor, J., & Jiménez Millán, F. (1979). 
Datos ecológicos de la distribución de larvas 
de plecópteros. Trabajos y Monografías del 
Departamento de Zoología. Universidad de 
Granada, 2(1), 1-6.

Alba-Tercedor, J., & Jiménez Millán, F. (1985). 
Evaluación de las variaciones estacionales de 
la calidad de las aguas del río Guadalfeo bas-
ada en el estudio de las comunidades de mac-
roinvertebrados acuáticos y de los factores 
físico-químicos. LUCDEME III. Monografía 
48 del ICONA. Ministerio de Agricultura Pes-
ca y Alimentación-Instituto Nacional para la 
Conservación de la Naturaleza. Madrid. Es-
paña.

Alba-Tercedor, J., Sánchez-Ortega, A., & Guis-
asola, I. (1986). Caracterización de los cursos 
permanentes de agua de la Cuenca del Río 
Adra: factores físico-químicos, macroinver-
tebrados acuáticos y calidad de las aguas. 
Proyecto LUCDEME, Estudio integrado del 
medio físico de la Cuenca del Río Adra. Uni-
versidad de Granada. Granada.

Alba-Tercedor, J., & Derka, T. (2003). Torleya 
nazarita sp. n., a new species from South-
ern Spain (Ephemeroptera: Ephemerellidae). 
Aquatic Insects, 25(1), 23–32. DOI: 10.1076/
aqin.25.1.23.

Alba-Tercedor, J., Jáimez-Cuéllar, P., Álvarez, M., 
Avilés, J., Bonada, N., Casas, J., … Zamora-
Muñoz, C. (2004). Caracterización del estado 
ecológico de ríos mediterráneos ibéricos 
mediante el índice IBMWP (antes BMWP’). 
Limnetica, 21(3-4) (2002), 175–185.

Almodóvar, A., Nicola, G. G., Elvira, B., & Gar-
cia-Marin, J. L. (2006). Introgression varia-
bility among Iberian brown trout evolution-
ary significant units: The influence of local 
management and environmental features. 
Freshwater Biology, 51, 1175-1187. DOI: 
10.1111/j.1365-2427.2006.01556.x

Almodóvar, A., Nicola, G. G., Leal, S., & Elvi-
ra, B. (2010). Análisis genético de las pobla-
ciones de Trucha Común Salmo trutta en la 
Comunidad Autónoma de Andalucía. Memo-
ria Final Proyecto Egmasa–Junta de Andalucía 
y Universidad Complutense de Madrid. Sevil-
la. Spain.

Angus, R. B. (1985). Towards a Revision of the 
Palearctic species of Helophorus F. (Coleop-
tera: Hydrophilidae). 2. Entomological Re-
view, 64 (4), 128-162. 

Antunes, A., Faria, R., Johnson, W. E., Guyomard, 
R., & Alexandrino, P. (2006). Life on the edge: 
the long-term persistence and contrasting spa-
tial genetic structure of distinct brown trout 
life histories at their ecological limits. Jour-
nal of Heredity, 97, 193-205. DOI: 10.1093/
jhered/esj014

Aubert, J. (1952). Plécoptères récoltés par Mr. F. 
Schmid en Espagne. Eos, 28, 249-270.

Aubert, J. (1954). Quelques Nemouridae espagnols 
nouveaux. Mitteilungen der Schweizerischen 
Entomologischen Gesellschaft, 27, 115-123.

Back, J. A., & King, R. S. (2013). Sex and size 
matter: ontogenetic patterns of nutrient con-
tent of aquatic insects. Freshwater Sciences, 
32(13), 837-848. DOI: 10.1899/12-181.1

Barquín, J., Álvarez-Cabria, M., Peñas, F., Revil-
la, J. A., Fernández, F., & Álvarez, C. (2010). 
Servicio para la estima de la capacidad de 
carga de la trucha común Salmo trutta en los 
ríos de Andalucía. Egmasa-Junta de Andalucía 
y IH-Cantabria. Proyecto Restauración de las 
poblaciones de trucha común en Andalucía, 
Memoria Final 2005-2009. Consejería de Me-
dio Ambiente de la Junta de Andalucía. Sevil-
la. Spain.

Barquín, J., Álvarez-Cabria, M., & Peñas, F. 
(2015). Estimación de caudales ecológicos y 
estudio de las preferencias tróficas para los 
distintos grupos de edad de la trucha común 
en los ríos de Andalucía. Egmasa-Junta de An-
dalucía y IH-Cantabria. Proyecto Restauración 
de las poblaciones de trucha común en Anda-
lucía, Memoria Final 2010-2015. Consejería 
de Medio Ambiente de la Junta de Andalucía. 
Sevilla. Spain.

Bauernfeind, E., & Soldán, T. (2012). The May-
flies of Europe (Ephemeroptera). Apollo 



López-Rodríguez et al.

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

Books. Ollerup. Denmark.
Bello, C. L. (1997). Alteraciones de procesos 

ecológicos en un río de montaña como conse-
cuencia de su regulación. Incidencia sobre los 
macroinvertebrados bentónicos. (Ph.D. The-
sis. Universidad de Granada, Spain).

Bello, C. L., & Alba-Tercedor, J. (2004). Efecto 
de la regulación de la cabecera del río Genil 
(Sierra Nevada, España) sobre la comunidad 
de macroinvertebrados acuáticos y la die-
ta larvaria de Rhyacophila nevada (Insecta: 
Trichoptera). Limnetica, 23(3-4), 361-370. 
DOI: 10.23818/limn.23.30

Bernatchez, L. (2001). The evolutionary history 
of brown trout (Salmo trutta L.) inferred from 
phylogeographic, nested clade, and mismatch 
analyses of mitochondrial DNA variation. 
Evolution, 55, 351-379. DOI: 10.1111/j.0014-
3820.2001.tb01300.x

Bernatchez, L., Guyomard, R., & Bonhomme, F. 
(1992). DNA sequence variation of the mito-
chondrial control region among geographi-
cally and morphologically remote European 
brown trout Salmo trutta populations. Molecu-
lar Ecology, 1, 161-173. DOI: 10.1111/j.1365-
294x.1992.tb00172.x

Bertrand, H. (1954). Récoltes de Coléoptères 
aquatiques (Hydrocanthares) dans les mas-
sifs montagneux de l’Espagne; observations 
écologiques. Bulletin de la Société Zoologique 
de France, 79(2-3), 91-105.

Bilardo, A. (1969). Contributo allá conoscenza 
degli Hydroadephaga delle Alpi (Alpi 
Marittime e Alpi Cozie). Coleoptera: 
Haliplidae, Dytiscidae. Bolletino della Societá 
entomologica italiana, 99-101(1-2), 17-43. 

Blondel, J., Aronson, J., Bodiou, J. Y., & Boeuf, 
G. (2010). The Mediterranean region: Biolog-
ical diversity through time and space. Oxford 
University Press. Oxford. UK.

Casas, J. J. (1990). Estudio faunístico, ecológico 
y sistemático de los quironómidos (Diptera, 
Chironomidae) de los ríos de Sierra Nevada: 
Composición y estructura de sus comuni-
dades. (PhD. Thesis. Universidad de Grana-
da, Spain). Retrieved: https://digibug.ugr.es/
handle/10481/50661?locale-attribute=fr

Casas, J. J., & Vilchez, A. (1992). Cricotopus 
(Cricotopus) nevadensis sp. n. (Diptera, Chi-

ronomidae) from Sierra Nevada (Southern 
Spain). Hydrobiologia, 230, 71-78. DOI: 
10.1007/BF00006127

Casas, J. J., & Vilchez, A. (1993). Altitudinal 
distribution of lotic chironomid (Diptera) 
communities in the Sierra Nevada Mountains 
(Southern Spain). Annales de Limnologie, 29, 
175-187. DOI: 10.1051/limn/1993016

Casas, J. J., Zamora-Muñoz, C., Archila, F., & 
Alba-Tercedor, J. (2000). The effect of a head-
water dam on the use of leaf bags by inver-
tebrate communities. Regulated rivers, 16(6), 
577-591.

Collier, K. J, Bury, S., & Gibbs, M. (2002). A sta-
ble isotope study of linkages between stream 
and terrestrial food webs through spider pre-
dation. Freshwater Biology, 47, 1651-1659. 
DOI: 10.1046/j.1365-2427.2002.00903.x

Consejería de Sostenibilidad, Medio Ambi-
ente y Economía azul (2022). Programa de 
seguimiento de los efectos del Cambio Glob-
al en Sierra Nevada. Memoria 2022 Plan de 
Medio Ambiente de Andalucía. Junta de An-
dalucía. Sevilla. Spain.

Coumou, D., & Rahmstorf, S. (2012). A decade of 
weather extremes. Nature Climate Change, 2, 
491-496. DOI: 10.1038/nclimate1452

Cummins, K.W. (1973). Trophic relations of 
aquatic insects. Annual Review of Entomolo-
gy, 18, 183-206.

DeWalt, R. E., Kondratieff, B. C., & Sandberg, J. 
B. (2015). Chapter 36. Order Plecoptera. In: 
J. H. Thorp & D. C. Rogers (eds.). Thorp and 
Covich's Freshwater Invertebrates Ecology 
and General Biology. (pp. 933-949). Academ-
ic Press, London, UK. DOI: 10.1016/B978-0-
12-385026-3.00036-X.

Doadrio, I. (2001). Atlas y libro rojo de los peces 
continentales de España. Ministerio de Medio 
Ambiente. Madrid. Spain.

Doadrio, I., Perea, S., Garzón–Heydt, P., & 
González, J. L. (2011). Ictiofauna continen-
tal española. Bases para su seguimiento. Di-
rección General del Medio Natural y Política 
Forestal, MARM. Madrid. Spain.

Elliott J. M. (2000). Pools as refugia for brown 
trout during two summer droughts: Trout re-
sponses to thermal and oxygen stress. Journal 
of Fish Biology, 56, 938-948. DOI: 10.1111/



Natural history of lotic animals from the Sierra Nevada

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

j.1095-8649.2000.tb00883.x
Fajardo-Merlo, M. C. (2021). Primeras citas de 

Leuctra cazorlana Aubert, 1962 y Leuctra 
geniculata (Stephens, 1836)(Plecoptera, 
Leuctridae) en el macizo de Sierra Nevada 
(España). Boletín de la Asociación española 
de Entomología, 45(1), 91-93.

Fajardo-Merlo, M. C., Sáinz-Bariáin, M., & Zam-
ora-Muñoz, C. (2015). Seguimiento de fac-
tores físico-químicos y caudales en los ríos 
de Sierra Nevada. In: R. Zamora, A. J. Pérez-
Luque, F. J. Bonet, J. M. Barea-Azcón & R. 
Aspizua (eds). La huella del cambio global en 
Sierra Nevada: Retos para la conservación. 
(pp.70-72). Consejería de Medio Ambiente y 
Ordenación del Territorio. Junta de Andalucía. 
Sevilla, Spain.

Fernández-Delgado, C., Rincón, P.  A., 
Gálvez-Bravo, L., De Miguel, R. J., Oliva-Pa-
terna, F. J., Moreno Valcárcel, R., & Peña, J. P. 
(2014). Distribución y estado de conservación 
de los peces dulceacuícolas del río Gua-
dalquivir. Principales áreas fluviales para su 
conservación. Ministerio de Agricultura, Ali-
mentación y Medio Ambiente. Confederación 
Hidrográfica del Guadalquivir. Sevilla. Spain.

Finn, D. S., Zamora-Muñoz, C., Múrria, C., 
Sáinz-Bariáin, M., & Alba-Tercedor, J. (2014). 
Evidence from recently deglaciated mountain 
ranges that Baetis alpinus (Ephemeroptera) 
could lose significant genetic diversity as al-
pine glaciers disappear. Freshwater Science, 
33(1), 207-216. DOI: 10.1086/674361

Franco Ruíz, A., & Rodríguez de los Santos, M. 
(2001). Libro rojo de los vertebrados amenaza-
dos de Andalucía. Consejería de Medio Ambi-
ente. Junta de Andalucía. Sevilla, Spain.

Frost, P. C., Cross, W. F., & Benstead, J. P. (2005). 
Ecological stoichiometry in freshwater ben-
thic ecosystems: an introduction. Freshwater 
Biology, 50, 1781-1785. DOI: 10.1111/j.1365-
2427.2005.01457.x.

Frutiger, A. (1987). Investigations on the life‐his-
tory of the stonefly Dinocras cephalotes Curt. 
(Plecoptera: Perlidae). Aquatic Insects, 9(1), 
51-63. DOI: 10.1080/01650428709361271

García de Jalón, D., Herranz, J., Alonso García, 
C., García, E., Gortázar, J., Santamarta, J. C., 
& Vizcaíno, P. (2003). Planes Técnicos de 

Pesca de Los Cotos de La Provincia de Grana-
da. TRAGSA-Consejería de Medio Ambiente. 
Sevilla. Spain.

González, A. L., Merder, J.,  Andraczek, K., Brose, 
U., Filipiak, M., Harpole, W. S., … Dézerald, 
O. (2025). StoichLife: A global dataset of plant 
and animal elemental content. Scientic Data, 
12, 569. DOI: 10.1038/s41597-025-04852-w

Graf, W., Murphy, J., Dahl, J., Zamora-Muñoz, C. 
& López-Rodríguez, M. J. (2008). Distribu-
tion and Ecological Preferences of European 
Freshwater Organisms. Volume 1. Trichop-
tera. Pensoft. Sofia. Bulgary.

Hampe, A., & Petit, R. J. (2005). Conserving bio-
diversity under climate change: The rear edge 
matters. Ecology Letters, 8, 461-467. DOI: 
10.1111/j.1461-0248.2005.00739.x

Holzenthal, R. W., Thomson, R. E., & Ríos-Tou-
ma, B. (2015). Chapter 38. Order Trichoptera. 
In: J. H. Thorp & D. C. Rogers (eds.). Thorp 
and Covich's Freshwater Invertebrates Ecol-
ogy and General Biology. (pp. 965-1002). 
Academic Press, London, UK. DOI: 10.1016/
B978-0-12-385026-3.00038-3

Ivanov, V. D. (1994). [The vibratory signalling 
of caddisflies (Insecta, Trichoptera)]. 
Zoologicheskii Zhurnal, 73(12), 55-70. In 
Russian

Jáimez-Cuéllar, P. (2004). Caracterización fisi-
co-química, macroinvertebrados acuáticos y 
valoración del estado ecológico de dos cuencas 
mediterráneas de influencia nival, (Guadalfeo 
y Adra) según los criterios de la Directiva 
Marco del Agua. (Ph.D. Thesis. Universidad 
de Granada, Spain).

Jourdan, J., O'Hara, R. B., Bottarin, R., Huttunen, 
K. L., Kuemmerlen, M., Monteith, D., ... & 
Haase, P. (2018). Effects of changing climate 
on European stream invertebrate communities: 
A long-term data analysis. Science of the Total 
Environment, 621, 588-599. DOI: 10.1016/j.
scitotenv.2017.11.242

Klemetsen, A., Amundsen, P. A., Dempson, J. 
B., Jonsson, B., Jonsson, N., O’Connell, M. 
F., & Mortensen, E. (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: 



López-Rodríguez et al.

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

10.1034/j.1600-0633.2003.00010.x
Lancaster, J., & Downes, B. J. (2013). Aquatic 

Entomology. 1st Edition. Oxford University 
Press. Oxford. UK.

Larios-López, J. E. (2017). La trucha común [Sal-
mo trutta (Linnaeus, 1758)] en Andalucía. 
Distribución, fenología reproductiva, procesos 
reguladores y propuestas de gestión de sus 
poblaciones. (Ph.D. Thesis. Universidad de 
Granada, Spain). Retrieved: http://hdl.handle.
net/10481/47568

Larios-López, J. E., Tierno de Figueroa, J. M., 
Alonso-González, C., & Nebot, B. (2015a). 
Distribution of brown trout (Salmo trutta Lin-
naeus, 1758) (Teleostei: Salmonidae) in its 
southwesternmost European limit: possible 
causes. Italian Journal of Zoology, 82, 404-
415. DOI: 10.1080/11250003.2015.1018351

Larios-López, J. E., Tierno de Figueroa, J. M., 
Galiana-García, M., Gortázar, J., & Alonso, 
C. (2015b). Extended spawning in brown trout 
(Salmo trutta) populations from the Southern 
Iberian Peninsula: the role of climate variabil-
ity. Journal of Limnology, 74, 394-402. DOI:  
10.4081/jlimnol.2015.1089

Larios-López, J. E., Galiana, M., Alonso, C., & 
Tierno de Figueroa, J. M. (2018). La trucha 
común como indicador del cambio global en 
Sierra Nevada. Quercus, 390, 24–30.

Larios-López, J. E., Galiana, M., Alonso, C., & 
Tierno de Figueroa, J. M. (2019). Considera-
ciones sobre la trucha común y la pesca sin 
muerte. Quercus, 395, 80-81.

Larios-López, J. E., Alonso, C., Galiana-García, 
M., & Tierno de Figueroa, J. M. (2021). Driv-
ing factors of synchronous dynamics in brown 
trout populations at the rear edge of their na-
tive distribution. Ecology of Freshwater Fish, 
30(1), 4-17. DOI: 10.1111/eff.12554

Lesica, P., & Allendorf, F. W. (1995). When Are 
Peripheral Valuable Populations for Conserva-
tion? Conservation Biology, 9, 753-760. DOI: 
10.1046/j.1523-1739.1995.09040753.x

López-Rodríguez, M. J. (2008). Life history, 
nymphal feeding and secondary production of 
Ephemeroptera and Plecoptera from southern 
Iberian Peninsula. (Ph.D. Thesis. Universidad 
de Granada, Spain).

López-Rodríguez, M. J., Tierno de Figueroa, 

J. M., & Alba-Tercedor, J. (2008). Life his-
tory and larval feeding of some species of 
Ephemeroptera and Plecoptera (Insecta) in the 
Sierra Nevada (Southern Iberian Peninsula). 
Hydrobiologia, 610(1), 277-295.

López-Rodríguez, M. J., Luzón-Ortega, J. M., 
& Tierno de Figueroa, J.M. (2012). On the 
biology of two high mountain populations of 
stoneflies (Plecoptera, Perlodidae) in Southern 
Iberian Peninsula. Limnetica, 31(2), 205-212. 
DOI: 10.23818/limn.31.19

López-Rodríguez, M. J., Alba-Tercedor, J., Galia-
na-García, M., Larios-López, J. E., Sainz-Can-
tero Caparrós, C. E., Tierno de Figueroa, J. 
M., Villar-Argaiz, M., & Zamora-Muñoz, C. 
(2022). Aquatic Animal Communities of Wa-
tercourses from Sierra Nevada. In: R. Zamo-
ra and M. Oliva (eds.). The landscape of Si-
erra Nevada: A unique laboratory of global 
processes. (pp. 245–269). Springer Nature 
Switzerland AG. Cham, Switzerland. DOI: 
10.1007/978-3-030-94219-9_15

López-Rodríguez, M. J., Ros-Candeira, A., Fajar-
do Merlo, M. C., Sáinz Bariáin, M., Sainz-Can-
tero Caparrós, C. E., Tierno de Figueroa, J. M., 
& Zamora-Muñoz, C. (2024). Distribution and 
habitat database of fluvial Plecoptera, Trichop-
tera and Coleoptera from Sierra Nevada, 
Spain. Scientific Data, 11, 817. DOI: 10.1038/
s41597-024-03652-y

Machordom, A., Suárez, J., Almodóvar, A., & 
Bautista, J. M. (2000). Mitochondrial hap-
lotype variation and phylogeography of Ibe-
rian brown trout populations. Molecular 
Ecology, 9, 1324-1338. DOI: 10.1046/j.1365-
294x.2000.01015.x

Madoz, P. (1845–1850). Diccionario Geográfi-
co-Estadístico-Histórico de España y sus Pose-
siones de Ultramar. Est. Literario-Tipográfico 
de P. Madoz y L. Sagasti. Madrid. España.

Madrid-Vinuesa, F. (1990). Factores fisico-quím-
icos y comunidades de invertebrados de la 
cabecera del río Genil (Sierra Nevada) aguas 
arriba de Granada. Estudio de la calidad bi-
ológica de sus aguas. (Degree Thesis. Univer-
sidad de Granada, Spain).

Menor, A., & Prenda, J. (2006). Análisis histórico 
de las poblaciones de trucha (Salmo trutta Lin-
naeus, 1758) en Andalucía y Castilla la Man-



Natural history of lotic animals from the Sierra Nevada

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

cha en el siglo XIX. In: Programa final / Libro 
de Resúmenes. XIII Congreso de la Asociación 
Española de Limnología y V Congreso Ibérico 
de Limnología. (pp. 119). Asociación Españo-
la de Limnología. Barcelona. Spain.

Moran, P. A. P. (1953). The statistical analysis 
of the Canadian Lynx cycle. Australian Jour-
nal of Zoology, 1, 291-298. DOI: 10.1071/
ZO9530291

Morse, J. C., Frandsen, P. B., Graf, W., & Thom-
as, J. A. (2019). Diversity and Ecosystem Ser-
vices of Trichoptera. Insects, 10, 125. DOI: 
10.3390/insects10050125

Múrria, C., Sáinz-Bariáin, M., Vogler, A. P., 
Viza, A., González, M., & Zamora-Muñoz, 
C. (2020). Vulnerability to climate change 
for two endemic high-elevation, low-disper-
sive Annitella species (Trichoptera) in Sierra 
Nevada, the southernmost high mountain in 
Europe. Insect Conservation and Diversity, 
13(3), 283-295. DOI: 10.1111/icad.12387

Navás, L. (1902). Una excursió científica a la Ser-
ra Nevada. Butlletí de la Institució Catalana 
d’Historia Natural, 2: 29-36, 46-50, 68-74, 
85-90, 100-105, 113-121.

Ocaña, A. & Picazo, J. (1991). Study on nema-
todes species encountered in the Monachil 
river (Granada, Spain): response to organic 
pollution. Verhandlungen des Internationalen 
Verein Limnologie, 24, 5621-5645.

Ocaña, A., Picazo, J. & Jiménez Millán, F. (1989). 
Grupos tróficos de nematodos en el bentos del 
río Monachil (Granada). Miscellania Zoologi-
ca, 13, 1-11.

Pakkasmaa, S., & Pironen, J. (2001). Morpholog-
ical differentiation among local trout (Salmo 
trutta) populations. Biological Journal of the 
Linnean Society, 72, 231-239. DOI: 10.1006/
bijl.2000.0488

Pardo, I., Álvarez, M., Casas, J., Moreno, J. L., 
Vivas, S., Bonada, N., ... Vidal-Abarca, M. R. 
(2004). El hábitat de los ríos mediterráneos. 
Diseño de un índice de diversidad de hábitat. 
Limnetica, 21(3-4) (2002), 115-133. 

Picazo Muñoz, J. (1988). Estudio nematológico 
del Río Monachil (Granada). Utilización de 
los Nematodos en la evaluación de la calidad 
de las aguas. (Degree Thesis. Universidad de 
Granada, Spain).

Picazo, J., & Ocaña, A. (1991). Distribution of 
nematode orders in a river subjeted to pollu-
tion: the Monachil river. Limnetica, 7, 11-24.

Poquet Moreno, J. M. (2007). Modelos de pre-
dicción de las comunidades de macroinverte-
brados acuáticos en ríos mediterráneos ibéri-
cos. (Ph.D. Thesis. Universidad de Granada, 
Spain). Retrieved: https://digibug.ugr.es/han-
dle/10481/1695

Poquet, J. M., Alba-Tercedor, J., Puntí, T., 
Sánchez Montoya, M. M., Robles, S., Álvarez, 
M., Zamora-Muñoz, M., Sáinz-Cantero, C. 
E., Vidal-Abarca, M. R., Suárez, M. L., Toro, 
M., Pujante, A. M., Rieradevall, M., & Prat, 
N. (2009). The MEDiterranean Prediction 
And Classification System (MEDPACS): an 
implementation of the RIVPACS/AUSRIVAS 
predictive approach for assessing Mediterra-
nean aquatic macroinvertebrate communities. 
Hydrobiologia, 623,153-171. DOI: 10.1007/
s10750-008-9655-y

Ravizza, C. A. (1972). Haliplidae, Dytiscidae 
e Gyrinidae delle Torbiere d’Iseo-Provaglio 
(Lombardia). Bolletino della Societá entomo-
logica italiana, 104(8), 137-148. 

Ribera, I., Isart, J., & Valle, A. N. (1988). Con-
tribución al conocimiento de los coleópteros 
acuáticos (Adephaga) de la Cerdaña. Actas III 
Congreso Ibérico de Entomología, 637-650. 

Romero Martín, A., & Alba-Tercedor, J. (2013). 
Estatus y evolución histórica del conocimien-
to de los invertebrados acuáticos de Sierra 
Nevada. In: F. Ruano, M. Tierno de Figueroa 
& A. Tinaut. (eds). Los Insectos de Sierra Ne-
vada: 200 años de historia, vol 1. (pp. 26–64). 
Asociación Española de Entomología, Grana-
da, Spain.

Ropero García, M. L. (1984). Calidad de las aguas 
corrientes de Sierra Nevada. (Ph.D. Thesis. 
Universidad de Granada, Spain).

Rosenhauer, W. G. (1856). Die Thiere Anda-
lusiens nach dem Resultate einer Reise zusam-
mengestellt, nebs den Beschreibungen von 
249 neuen oder bis jetzt noch unbeschriebe-
nen Gattungen und Arten. Verlag von Theodor 
Blaesing, Ernlangen, Germany.

Ruano, F., Tierno de Figueroa, M., & Tinaut, A. 
(2013). Los Insectos de Sierra Nevada: 200 
años de historia. Vol. 1 & Vol. 2. Asociación 



López-Rodríguez et al.

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

Española de Entomología, Granada, Spain.
Sáez Gómez, P. (2010). Análisis de la distribución 

histórica de la trucha común (Salmo trutta, 
Linnaeus, 1758) en Andalucía. Datos 
preliminares. Ríos Con Vida-AEMS, 85, 16-19.

Sáinz-Bariáin, M. (2014). Diversidad, estrategias 
vitales y filogeografía de especies sensibles 
al cambio climático: Tricópteros en el Parque 
Nacional de Sierra Nevada. (Ph.D. Thesis. 
Universidad de Granada, Spain). Retrieved: 
https://digibug.ugr.es/handle/10481/34652?-
show=full

Sáinz-Bariáin, M., & Zamora-Muñoz, C. (2012). 
The larva and life history of Stenophylax 
nycterobius (McLachlan, 1875) (Trichoptera: 
Limnephilidae) in high mountain streams 
(Sierra Nevada, Spain) and key to the Iberian 
larvae of the genus. Zootaxa, 3483(1), 71-81.

Sáinz-Bariáin, M., Fajardo-Merlo, M. C. & Zam-
ora-Muñoz, C. (2015). Cambios en la riqueza, 
abundancia y composición de las comunidades 
de invertebrados bentónicos. In: R. Zamora, A. 
J. Pérez-Luque, F. J. Bonet, J. M. Barea-Azcón 
& R. Aspizua (eds). La huella del cambio 
global en Sierra Nevada: Retos para la con-
servación. (pp.73-76). Consejería de Medio 
Ambiente y Ordenación del Territorio. Junta 
de Andalucía. Sevilla, Spain.

Sáinz-Bariáin, M., Zamora-Muñoz, C., Soler, J. 
J., Bonada, N., Sáinz-Cantero, C. E., & Al-
ba-Tercedor, J. (2016). Changes in Mediterra-
nean high mountain Trichoptera communities 
after a 20-year period. Aquatic Sciences, 78(4), 
669–682. DOI: 10.1007/s00027-015-0457-9

Sáinz-Cantero, C. E. (1985). Coleópteros de los 
cursos de agua de Sierra Nevada: taxonomía y 
ecología de las familias Elmidae, Dryopidae e 
Hydraenidae. (Degree Thesis. Universidad de 
Granada, Spain). 

Sáinz-Cantero, C. E. (1989). Coleópteros acuáti-
cos de Sierra Nevada. Granada. (Ph.D. Thesis. 
Universidad de Granada, Spain). Retrieved: 
http://hdl.handle.net/10481/54091 

Sáinz-Cantero, C. E. (2013). Los Coleópteros 
Acuáticos (Coleoptera Adephaga y Polypha-
ga). In: F. Ruano, M. Tierno de Figueroa & A. 
Tinaut, (eds.): Los insectos de Sierra Nevada. 
200 años de historia (pp. 325-349). Asociación 
Española de Entomología, Granada, Spain

Sáinz-Cantero, C. E., Sánchez-Ortega, A., & Al-
ba-Tercedor, J. (1985). Datos de distribución 
y autoecología de los Coleópteros Dryopoidea 
en Sierra Nevada (España). Boletim da Socie-
dade Portuguesa de Entomología, 4, Suppl. 1, 
333-341. 

Sáinz-Cantero, C. E., Sánchez-Ortega, A., & Al-
ba-Tercedor, J. (1987). Distribución y autoeco-
logía de Hydraenidae (Col.) en Sierra Nevada 
(España). Boletín de la Asociación española 
de Entomología, 11, 355-365. 

Sáinz-Cantero, C. E., Zamora-Muñoz, C., & Al-
ba-Tercedor, J. (1988). Coleópteros acuáticos 
del río Monachil (Sierra Nevada, Granada). 
Elytron, 2, 97-106.

Sáinz-Cantero, C. E., & Alba-Tercedor, J. 
(1991a). Los Adephaga acuáticos de Sierra 
Nevada (Granada, España) (Coleoptera: 
Haliplidae, Gyrinidae, Dytiscidae). Boletín de 
la Asociación española de Entomología, 15, 
91-109.

Sáinz-Cantero, C. E., & Alba-Tercedor, J. (1991b). 
Los Polyphaga acuáticos de Sierra Nevada 
(Granada, España) (Coleoptera: Hydraenidae, 
Hydrophilidae, Elmidae, Dryopidae). Boletín 
de la Asociación española de Entomología, 
15, 171-198. 

Sánchez-Ortega, A. (1986). Taxonomía, ecología 
y ciclos de vida de los plecópteros de Sierra 
Nevada. (Ph.D. Thesis. Universidad de Grana-
da, Spain).

Sánchez-Ortega, A. & Alba-Tercedor, J. (1988). 
Description and life cycle of Leuctra iliberis 
sp.n. from Southern Spain (Plecoptera, 
Leuctridae). Aquatic Insects, 10(2), 117-123.

Sánchez-Ortega, A., & Alba-Tercedor, J. (1989). 
Características de fenología y distribución de 
las especies de Plecópteros de Sierra Nevada 
(Insecta: Plecoptera). Boletín de la Asociación 
española de Entomología, 13, 213-230.

Sánchez-Ortega, A., & Alba-Tercedor, J. (1990). 
Life cycles of some species of Plecoptera 
in Sierra Nevada (South of Spain). In: I. C. 
Campbell (ed.). Mayflies and Stoneflies: Life 
Histories and Biology. (pp. 43-52). Kluwer 
Academic Publishers, Dordrecht, Netherlands.

Sánchez-Ortega, A., & Alba-Tercedor, J. (1991). 
The life cycle of Perla marginata and Dinocras 
cephalotes in Sierra Nevada (Granada, Spain) 



Natural history of lotic animals from the Sierra Nevada

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

(Plecoptera: Perlidae). In: J. Alba-Tercedor 
& A. Sánchez-Ortega (Eds.). Overview and 
strategies of Ephemeroptera and Plecoptera. 
(pp. 493-501). The Sandhill Crane Press. 
Gainesville, Florida, USA.

Sand, K., & Brittain, J. E. (2001). Egg devel-
opment in Dinocras cephalotes (Plecoptera, 
Perlidae) at its altitudinal limit Norway. In: 
E. Domínguez (Ed.). Trends in research in 
Ephemeroptera and Plecoptera. (pp. 209–
216). Kluwer Academic & Plenum Publishers, 
New York, USA.

Sanz, A., Trenzado, C., López-Rodríguez, M. 
J., Furné, M., & Tierno de Figueroa, J. M. 
(2010). Study of the antioxidant defence in 
four species of Perloidea (Insecta, Plecoptera). 
Zoological Science, 27(12), 952-958. DOI: 
10.2108/zsj.27.952

Sanz, A., López-Rodríguez, M. J., García-Mesa, 
S., Trenzado, C. E., Ferrer, R. M. & Tierno de 
Figueroa, J. M. (2017). Are antioxidant capac-
ity and oxidative damage related to biological 
and autoecological characteristics in aquatic 
insects? Journal of Limnology, 76(1): 170-
181. DOI: 10.4081/jlimnol.2016.1581

Sarremejane, R., Cid, N., Stubbington, R., Da-
try, T., Alp, M., Cañedo-Argüelles, M., Cor-
dero-Rivera, A., Csabai, Z., Gutiérrez-Cáno-
vas, C., Heino, J., Forcellini, M., Millán, A., 
Paillex, A., Pařil, P., Polášek, M., Tierno de 
Figueroa, J. M., Usseglio-Polatera, P., Zam-
ora-Muñoz, C., & Bonada, N. (2020). DIS-
PERSE, a trait database to assess the dispersal 
potential of European aquatic macroinverte-
brates. Scientific Data, 7, 386. DOI: 10.1038/
s41597-020-00732-7

Sartori, M., & Brittain, J. E. (2015). Chapter 34. 
Order Ephemeroptera. In: J. H. Thorp & D. C. 
Rogers (eds.). Thorp and Covich's Freshwater 
Invertebrates Ecology and General Biology. 
(pp. 873-891). Academic Press, London, UK. 
DOI: 10.1016/B978-0-12-385026-3.00034-6

Schmid, F. (1952). Contribution a l’etude des 
trichopteres d’Espagne. Pirineos, 26: 627-695.

SNPRCN. (1991). Livro Vermelho dos Verteb-
rados de Portugal. Volume II-Peixes Dulci-
aquícolas e Migradores. Serviço Nacional de 
Parques, Reservas e Conservação da Natureza 
(SNPRCN). Lisboa. Portugal.

Sterner, R. W., & Elser J. J. (2002). Ecological 
stoichiometry. Princeton University Press. 
Princeton. USA.

Stewart, K. W. (1994). Theoretical considerations 
of mate finding and other adult behaviors of 
Plecoptera. Aquatic Insects, 16(2), 95-104. 
DOI: 10.1080/01650429409361542

Sweeney, B. W. (1984). Factors influencing life‐
history patterns of aquatic insects. In: W. H. 
Resh, & D. M. Rosenberg (eds.). (pp. 56–100). 
The ecology of aquatic insects. Praeger Pub-
lishers, New York, USA.

Tierno de Figueroa, J. M. (1998). Biología imag-
inal de los plecópteros (Insecta, Plecoptera) 
de Sierra Nevada (Granada, España). (Ph.D. 
Thesis. Universidad de Granada, Spain). Re-
trieved: http://hdl.handle.net/10481/28648

Tierno de Figueroa, J. M. (2000). Biología repro-
ductora de algunos grupos de insectos acuáti-
cos. Boletín de la Sociedad Entomológica 
Aragonesa, 27, 121-125.

Tierno de Figueroa, J. M. (2003). Mate guarding 
and displacement attempts in stoneflies (Insec-
ta: Plecoptera). Biologia Bratislava – Section 
Zoology, 58(5), 925-928.

Tierno de Figueroa, J. M., & Sánchez-Ortega, A. 
(1999a). Huevos y puestas de algunas especies 
de plecópteros (Insecta, Plecoptera) de Sierra 
Nevada (Granada, España). Zoologica Baetica, 
10, 161-184.

Tierno de Figueroa, J. M., & Sánchez-Ortega, 
A. (1999b). Imaginal feeding of certain 
Systellognathan Stonefly species (Insecta: 
Plecoptera). Annals of the Entomological 
Society of America, 92(2), 218-221. DOI: 
10.1093/aesa/92.2.218

Tierno de Figueroa, J. M., & Sánchez-Ortega, A. 
(1999c). The male drumming call of Isoperla 
nevada Aubert, 1952 (Plecoptera, Perlodidae). 
Aquatic Insects, 21(1), 33-38. DOI: 10.1076/
aqin.21.1.33.4543

Tierno de Figueroa, J. M., Palomino Morales, 
J. A., & Luzón-Ortega, J. M. (2000). Spatial 
distribution in river banks of Isoperla nevada 
(Plecoptera, Perlodidae), Chloroperla nevada 
(Plecoptera, Chloroperlidae) and Sericostoma 
cf. vittatum (Trichoptera, Sericostomatidae). 
Italian Journal of Zoology, 67(4), 355-358. 
DOI: 10.1080/11250000009356339



López-Rodríguez et al.

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

Tierno de Figueroa, J. M., & Sánchez-Ortega, 
A.  (2000a). Imaginal Feeding of Twelve 
Nemouroidean Stonefly Species (Insecta, 
Plecoptera). Annals of the Entomological 
Society of America, 93(2), 251-253. DOI: 
10.1603/0013-8746(2000)093[0251:IF-
OTNS]2.0.CO;2

Tierno de Figueroa, J. M., & Sánchez-Ortega, 
A. (2000b). La luz y la emergencia en 
Capnioneura mitis Despax, 1932 y otras 
especies de plecópteros (Insecta, Plecoptera). 
Boletín de la Asociación española de 
Entomología, 24(1-2), 19-24.

Tierno de Figueroa, J. M., Luzón-Ortega, J. M., 
& Sánchez-Ortega, A. (2001). Fenología 
de los Plecópteros (Insecta, Plecoptera) de 
Sierra Nevada (Granada, España). Zoologica 
Baetica, 12, 49-70.

Tierno de Figueroa, J. M., Luzón-Ortega, J. 
M. & Sánchez-Ortega, A. (2003). Protan-
dry and its relationship with adult size in 
some Spanish stoneflies species (Plecop-
tera). Annals of the Entomological So-
ciety of America, 96(4), 560-562. DOI: 
10.1603/0013-8746(2003)096[0560:PAIR-
WA]2.0.CO;2

Tierno de Figueroa, J. M., & Sánchez-Ortega, 
A. (2004). Implications of imaginal-size var-
iation over the flight period in stoneflies (In-
secta, Plecoptera). Annales de la Société En-
tomologique de France, 40(1), 37-40. DOI: 
10.1080/00379271.2004.10697403

Tierno de Figueroa, J. M., & López-Rodríguez, 
M. J. (2005). Biometric relationships among 
female size, fecundity and flight period 
in Isoperla nevada Aubert, 1952 (Plecop-
tera, Perlodidae). Annales de la Société en-
tomologique de France, 41(1), 3-6. DOI: 
10.1080/00379271.2005.10697437

Tierno de Figueroa, J. M., Luzón-Ortega, J. 
M., & López-Rodríguez, M. J. (2009). 
First record of male drumming call of the 
genus Capnioneura Ris, 1905 (Plecoptera, 
Capniidae). Entomological Science, 12: 359-
362. DOI: 10.1111/j.1479-8298.2009.00346.x

Tierno de Figueroa, J. M., Luzón-Ortega, J. 
M., & López-Rodríguez, M. J. (2014). First 
record of the drumming signals of stoneflies 
Capnopsis Morton, 1896 and Protonemura 

Kempny, 1898 genera (Plecoptera, Capniidae 
and Nemouridae). Entomological Science, 17: 
302-308. DOI: 10.1111/ens.12067

Tierno de Figueroa, J. M., López-Rodríguez, M. 
J., Peralta-Maraver, I., & Fochetti, R. (2015). 
Life cycle, nymphal feeding and secondary 
production of Dinocras cephalotes (Plecop-
tera) in a Mediterranean river. Annales de la 
Société entomologique de France, 51(3), 259-
265. DOI: 10.1080/00379271.2015.1059995

Tierno de Figueroa, J. M., & López-
Rodríguez, M. J. (2019). Trophic ecology 
of Plecoptera (Insecta): a review. Europe-
an Zoological Journal, 86(1), 79-102. DOI: 
10.1080/24750263.2019.1592251

Tierno de Figueroa, J. M., López-Rodríguez, M. 
J., & Villar Argaiz, M. (2019). Spatial and sea-
sonal variability in the trophic role of aquatic 
insects: an assessment of functional feeding 
group applicability. Freshwater Biology, 64, 
954-966. DOI: 10.1111/fwb.13277

Tierno de Figueroa, J. M., Luzón-Ortega, J. M. 
& López-Rodríguez, M. J. (2019). Drumming 
for love: mating behavior in Stoneflies. In: K. 
Del-Claro & R. Guillermo (eds,). Aquatic In-
sects: Behavior and Ecology. (pp. 117-137). 
Springer Nature Switzerland AG, Cham, Swit-
zerland. DOI: 10.1007/978-3-030-16327-3_6

Tinaut, A., Aguayo, D., Pascual, F., Ruano, F., 
Sandoval, P. & Tierno de Figueroa, J. M. 
(2024). Artrópodos endémicos de Sierra Ne-
vada (España): Actualización de su estatus. 
Suplementos del Boletín de la Asociación es-
pañola de Entomología, 7, 1-63.

Van Berge Henegouwen, A. (1986). Revision of 
the European species of Anacaena Thomson 
(Coleoptera: Hydrophilidae). Insects Sys-
tematics & Evolution, 17(3), 393-407. DOI: 
10.1163/187631286X00305

Villar-Argaiz, M., López-Rodríguez, M. J., & 
Tierno de Figueroa, J. M. (2020). Body P con-
tent increases over ontogeny in hemimetabo-
lous macroinvertebrates in a Mediterranean 
high mountain stream. Aquatic Ecology, 54, 
1185-1200. DOI: 10.1007/s10452-020-09802-
9

Villar-Argaiz, M., López-Rodríguez, M. J., & 
Tierno de Figueroa, J. M. (2021). Divergent 
nucleic acid allocation in juvenile insects of 



Natural history of lotic animals from the Sierra Nevada

PROOFS FOR AUTHORS

Limnetica, 45(2): 00-00 (2026)

different metamorphosis modes. Scientific 
Reports, 11,10313. DOI: 10.1038/s41598-
021-89736-w

Wood, J. R., & Resh, V. H. (1984). Demonstration 
of sex pheromones in caddisflies (Trichop-
tera). Journal of Chemical Ecology, 10, 171-
175. DOI: 10.1007/BF00987654

Zamora, R., Pérez-Luque, A. J., Bonet, F. J., Bar-
ea-Azcón, J. M., & Aspizua, R. (eds.). (2015). 
La huella del cambio global en Sierra Nevada: 
Retos para la conservación. Consejería de 
Medio Ambiente y Ordenación del Territorio. 
Junta de Andalucía. Granada. Spain.

Zamora-Muñoz, C. (1992). Macroinvertebra-
dos acuáticos, caracterización y calidad de 
las aguas de los cauces de la cuenca alta del 
río Genil. (Ph.D. Thesis. Universidad de Gra-
nada, Spain). Retrieved: http://hdl.handle.
net/10481/28862

Zamora-Muñoz, C., & Alba-Tercedor, J. (1992). 
Caracterización y calidad de las aguas del 
río Monachil (Sierra Nevada, Granada): Fac-
tores fisico-químicos y macroinvertebrados. 
Agencia del Medio Ambiente de la Junta de 

Andalucía (A.M.A.). Granada. Spain.
Zamora-Muñoz, C. & Alba-Tercedor, J. (1996). 

Bioassessment of organically polluted Span-
ish rivers, using a biotic index and multivar-
iate methods. Journal of the North American 
Benthological Society, 15(3), 332–352. DOI: 
10.2307/1467281

Zamora-Muñoz, C., Sánchez-Ortega, A. & Al-
ba-Tercedor, J. (1993). Physico-chemical fac-
tors that determine the distribution of Mayflies 
and Stoneflies in a high-mountain stream in 
southern Europe (S. Nevada, S. Spain). Aquat-
ic Insects, 15(1), 11-20. 

Zamora-Muñoz, C., Sáinz-Bariáin, M., Múr-
ria, C., Bonada, N., Sáinz-Cantero, C. E., 
González, M., Alba-Tercedor, J. & Tierno de 
Figueroa, J. M. (2012). Diversidad, estrategias 
vitales y filogeografía de especies sensibles 
al cambio climático: Tricópteros en el Parque 
Nacional de Sierra Nevada. In: L. Ramírez, 
L. & B. Asensio (eds). Proyectos de Investi-
gación en Parques Nacionales: 2008-2011. 
(pp. 355-385). Organismo Autónomo de Par-
ques Nacionales, Madrid, Spain.


