Limnetica, 44(2): 000-000 (2025). DOI: 10.23818/limn.44.12

© Asociacion Ibérica de Limnologia, Madrid. Spain. ISSN: 0213-8409 A' L (’?

Bioecology of blackflies (Diptera: Simuliidae) of the water basin of the Huebra
River (Western Spain)

David Lopez-Pefia'>" (1) , Manuel Salvador Portillo-Rubio?, Eduardo Moisés Garcia-Roger® (5,
Alvaro Lis-Cantin' & José Vicente Falco-Gari!

! Laboratori d’Entomologia i Control de Plagues, Institut Universitari Cavanilles de Biodiversitat i Biologia
Evolutiva (ICBiBE), Universitat de Valencia (Estudi General). C/Catedratico José Beltran 2, 46980 Paterna,
Valencia, Espafia

2Area de Zoologia, Departamento de Biologia Animal, Parasitologia, Ecologia, Edafologia y Quimica Agricola,
Facultad de Biologia, Universidad de Salamanca, Campus Miguel de Unamuno. C/Licenciado Méndez Nieto s/n,
37007 Salamanca, Espaiia

*Laboratorio de Ecologia Evolutiva, Institut Universitari Cavanilles de Biodiversitat i Biologia Evolutiva (IC-
BiBE), Universitat de Valéncia (Estudi General). C/Catedratico José Beltran 2, 46980 Paterna, Valéncia, Espafia

* Corresponding author: david.lopez@uv.es

Received: 18/04/24 Accepted: 29/07/24

ABSTRACT

Bioecology of blackflies (Diptera: Simuliidae) of the water basin of the Huebra River (Western Spain).

The objectives of this study were to analyse the diversity and geographical distribution of the blackfly species from the Huebra
River basin located in Salamanca province, Western Spain. This research significantly contributes to expanding our knowledge
of the Simuliidae family. The study not only increases and ameliorates faunal and bioecological data, but also enhances the
understanding of blackfly species across the Spanish national territory. The identification of 23 species has led to the addition
of six new records to the simuliid fauna of the region: Simulium (Nevermannia) armoricanum Doby & David, 1961; Simulium
(Nevermannia) carthusiense Grenier & Dorier, 1959; Simulium (Nevermannia) naturale Davies, 1966; Simulium (Nevermannia)
vernum Macquart, 1826; Simulium (Simulium) bezzii (Corti, 1914) and Urosimulium faurei (Bernard, Grenier & Bailly-
Choumara, 1972), expanding the previously recorded 19 species to 25. This study also provides valuable insights into the biology
and geographical distribution of these species. It sheds light on the ranges of altitude, water velocity, temperature and the depth
of watercourses conducive to preimaginal development. Additionally, it offers new information on the abundance of larvae and
pupae, revealing the diverse ecological gradients that influence their occurrence and distribution patterns. The results indicate
that the diversity of blackfly species varies according to factors such as altitude, water velocity, turbidity, and water temperature.

KEY WORDS: Simuliid species richness, abiotic factors, tolerance ranges, geographical distribution, ematophagy.

RESUMEN

Bioecologia de las moscas negras (Diptera: Simuliidae) de la cuenca hidrogrdfica del rio Huebra (Oeste de Espaiia).

Los objetivos de este estudio fueron analizar la diversidad y distribucion geogrdfica de las especies de mosca negra de la cuenca
del rio Huebra, situada en la provincia de Salamanca, en el oeste de Espaiia. Esta investigacion contribuye significativamente a
ampliar el conocimiento de la familia Simuliidae. Este estudio no solo aumenta y mejora los datos faunisticos y bioecologicos,
sino que también repercute en el conocimiento de las especies de mosca negra en todo el territorio nacional espariol. La
identificacion de 23 especies ha permitido afiadir seis nuevos registros a la fauna de simulidos de la region: Simulium
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(Nevermannia) armoricanum Doby & David, 1961, Simulium (Nevermannia) carthusiense Grenier & Dorier, 1959, Simulium
(Nevermannia) naturale Davies, 1966, Simulium (Nevermannia) vernum Macquart, 1826, Simulium (Simulium) bezzii
(Corti, 1914) y Urosimulium faurei (Bernard, Grenier & Bailly-Choumara, 1972), ampliando a 25 las 19 especies registradas
anteriormente. Este estudio también aporta valiosos datos sobre la biologia y la distribucion geogrdfica de estas especies,
arrojando luz sobre los rangos de altitud, la velocidad del agua, la temperatura del agua y las dimensiones de los cursos de agua
propicios para su desarrollo. Ademas, ofrece nueva informacion sobre la abundancia de larvas y pupas, revelando los diversos
gradientes ecologicos que influyen en su presencia y patrones de distribucion. Los resultados indican que la diversidad de
especies de mosca negra varia en funcion de factores como la altitud, la velocidad del agua, la turbidez y la temperatura del agua.

PALABRAS CLAVE: riqueza de especies de simulidos, factores abioticos, rangos de tolerancia, distribucion geogrdfica,
hematofagia.

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.

INTRODUCTION

The study of simuliids (Diptera Simuliidae) in
Spain is characterised by fragmentation since the
data are quite complete and detailed in some re-
gions, while in others they are scarce or even non
existent. Due to this imbalance, every study is of
utmost importance, and gathering all the informa-
tion available on this family of dipterans, from
the oldest to the most recent study, is instrumental
to gaining a better insight into these insects in the
national territory.

The uneven study of simuliids has result-
ed from blackfly research in Spain traditionally
being carried out in areas where the females of
this group of insects represented a danger and a
nuisance to domestic animals. This is due to their
compulsory requirement of blood ingestion to
ensure their eggs develop correctly. Besides that,
Spain has attracted worldwide research interest
owing to its large species richness, which is a
consequence of its location, presence of insular
territories, and diverse climatology, as highlight-
ed by the Natura 2000 Network (Miteco, 2011),
with the target of discovering new species and
enhancing our understanding of these nemato-
cerans. Consequently, numerous contributions
to the knowledge on blackflies from the general
territory of Spain (Strobl, 1900, 1905, Czerny &
Strobl, 1909, Grenier & Bertrand, 1954, Greni-
er & Dorier, 1959, Crosskey & Gracio, 1985,
Clergue-Gazeau & Vingon, 1990, Gonzalez-
Pefia, 1990, Belgat & Garrido, 2008), northern
Spain (Beaucournu-Saguez, 1975b, Halgos,
1998), southern Spain (Carlsson, 1969, Beau-
cournu-Saguez, 1975a, Gonzalez-Pena et al.,
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1986, Gonzalez-Pefa et al., 1987, Vingon & Cler-
gue-Gazeau, 1993, Crosskey & Crosskey, 2000,
Gallardo-Mayenco & Toja, 2002), the Balearic
Islands (Crosskey, 1991) and the Canary Islands
(Bigot, 1892, Becker, 1908, Frey, 1936, Crosskey,
1988, Malmqvist et al., 1993, 1995, Nilsson et al.,
1998, Crosskey & Baez, 2004, Reidelbach, 2004,
Liideritz et al., 2010, Seitz, 2021) have been made
(note that all of them have not been mentioned
here).

In contrast to the situation in regions of the
world such as Central Africa, Central Ameri-
ca, North America and Central Europe, where
blackflies act as vectors of disease to animals and
humans (Crosskey, 1990, 1993, Cupp, 1996), in
Spain, the occasional incidence of damage de-
rived from the ethology of the females of species
with a haematophagous requirement has meant a
lower and irregular dedication of efforts to deep-
en the comprehensive knowledge of the bioecol-
ogy of these organisms. Nonetheless, recent years
have witnessed a reversal of this trend due to var-
ious factors that are amplifying the perception of
nuisance among farmers and ranchers (Figueras
etal., 2011, Lopez-Pefia, 2018, Lopez-Peiia et al.,
2022b), the tourism sector and citizens in general
(Gallego et al., 1994, Fuertes Martinez & Salvadé
Pascual, 2009, Ruiz-Arrondo et al., 2017, Ruiz
Arrondo, 2018, Sanchez-Lopez et al., 2018, Bar-
bera Riera et al., 2018, Lopez-Pefia, 2018, 2019,
Loépez-Penia et al., 2019, 2021, 2022c), which
have motivated their study.

In line with this tendency, the main aim of this
research has been to enhance the knowledge on
simuliids from poorly studied areas of Spain such
as the Huebra River hydrographic basin in order
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to gaing insights into species diversity, geograph-
ical distribution and tolerance ranges to abiotic
factors, as well as to understand the presence of
species of importance for human health and the
veterinary sector.

MATERIAL AND METHODS
Study area

The Huebra River is one of the tributaries of the
Duero River. It flows through the province of

FUTW
L

Salamanca (Autonomous Region of Castilla y
Leodn) carving granite, slate, quartzite, marl and
sandstone materials, and thus shaping ravines and
slopes that have resulted in enormous canyons
and geographical depressions (MAPA, CHD,
2019a). In addition, its pluvio-nival character has
formed a V-shaped valley in some of its sections
(Merchan et al., 2022).

The Huebra River is born from the union of
several streams that have their source in the sur-
roundings of the Pico Cervero at 1244 m (Anton
et al., 2014) which belongs to the Sierra de las
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Figure 1. Position of the province of Salamanca in Spain (left), location of the Huebra River basin and the sampling stations (right),
detail of the river, its tributaries and each sampling station (below). The numbers refer to the codes of the samples, which are listed
in the tables. Posicion de la provincia de Salamanca en Espaiia (izquierda), ubicacion de la cuenca del rio Huebra y las estaciones
de muestreo (derecha), detalle del rio, sus afluentes y cada estacion de muestreo (abajo). Los numeros se refieren a los codigos de

las muestras, que se enumeran en las tablas.
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Quilamas, the northernmost part of the region of
Sierra de Francia (CHD, 2019b). This 133.60-km-
long river (Anton et al., 2014, CHD, 2019b), with
a catchment area of 2808 km? (CHD, 2019b) and
an annual average flow of 258.7 hm?/year (CHD,
2019b), flows through the Campo Charro and
joins the Duero River, which acts as a natural bor-
der with Portugal, at the Salto de Saucelle, a town
in the municipality of Saucelle, which is integrat-
ed into the Vitigudino region and the sub-region
of La Ribera, better known as Las Arribes. The
entire hydrographic basin of the Huebra River
flows through the province of Salamanca, from
its source to its mouth.

This river is characterised by its marked irreg-
ularity due to its pluvial-nival regime and its pro-
nounced dry spells, which make it a river of tem-
porary flow (CHD, 2019b). On the southern side,
this river receives the waters of the rivers Yeltes
and Camaces, and on the northern side those of
the Arganza Stream, and the Oblea River, as well
as innumerable streams from both watersheds.

Sample collection

A sample collection campaign was designed to
cover the entire hydrographic basin to be stud-
ied, which comprised both the main river, Huebra
River, its main tributaries, as well as the tributar-
ies that feed them. A total of 65 sampling stations
were established, separated from each other at an
approximately similar distance, always depend-
ing on the accessibility to the bodies of water ac-
cording to the orography of the terrain (Fig. 1).
The sampling, which took place between March
and July 1996 (for specific details see Table S1,
Supplementary Material, available at https:/
www.limnetica.net/en/limnetica), were carried
out by Manuel Portillo Rubio and Maria Inmacu-
lada Martin Hernandez, collectors from the Uni-
versity of Salamanca, after reviewing rocks, boul-
ders, pebbles, stones, macrophytes, helophytes,
branches and leaves of the riverside vegetation in
direct contact with the flow of water, and remains
of vegetables such as leaves, branches and trunks.
In those stations where blackflies were present, a
representative sample was collected by obtaining
small stones, leaves and fragments of stems on the
surface of which the larvae and/or pupae were at-
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tached. If this was not viable, the specimens were
collected by separating them from the surfaces of
the aforementioned adhesion supports using soft
entomological tweezers. An attempt was made to
dedicate the same effort and sampling time at each
station to enable the results obtained to be compa-
rable. The collected specimens were fixed in situ
by placing them in plastic containers with 70%
ethanol for their transport to the laboratory. After
reaching the laboratory, the collectors extracted
most of the attachment substrates and stored the
entomological material in tubes containing 70%
ethanol for preservation.

At each sampling station, the values of the fol-
lowing variables were recorded: sample number,
date, elevation (m), water temperature (° C), depth
(m), adhesion substrate (vegetation, stones, con-
crete), water velocity (m/s), and water coloration
(according to the following qualitative scale: very
clear, clear, yellowish, darkened) (Table S2, Sup-
plementary Material, available at https:/www.
limnetica.net/en/limnetica). Water velocity was
measured by estimating the time, with the help of
a stopwatch, that it took a piece of cork to travel a
5-m-long transect delimited by a rope tied to two
wooden stakes. Geographical coordinates of the
sampling stations were not recorded numerically;
however their exact location was represented on a
map, the recreation of which is shown in figure 1.

Species identification

The biological material from 53 sampling sta-
tions underwent processing, which involved the
removal of plant structures from many samples
to detach adhered blackfly specimens. Blackfly
larvae were distinguished from pupae and housed
in Petri dishes containing 80% alcohol. Follow-
ing this, immature larvae were differentiated from
mature ones, with the acknowledgment that iden-
tifying young larval instars can be challenging as
they lack the level of morphological development
necessary for taxonomic classification. Pupae and
mature larvae were then identified using mor-
pho-anatomic-based taxonomic keys from vari-
ous sources (Knoz, 1965, Gonzalez-Pefna, 1997,
Bass, 1998, Jedlicka et al., 2004, Rivosecchi et
al., 2007, Kudela et al., 2022). Finally, both im-
mature larvae and identified specimens in mature
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larval and pupal stages were tallied. These proce-
dures were conducted under Wild M8 Heerbrugg
and Leica M80 stereomicroscopes.

Data analysis

As a first step, we explore the correlations be-
tween the environmental variables of the sampling
stations. Only those pairs of variables for which
Pearson’s r was lower than 0.8 were retained for a
Principal Component Analysis (PCA), which was
used to explore the differences between sampling
stations on standardised values of the environ-
mental variables measured.

We performed a Canonical Correspondence
Analysis (CCA; Borcard et al., 2011) using the
log abundance data for mature larvae (immature
larvae could not be identified morphologically
with sufficient taxonomic resolution) and pupae
of the identified species. CCA was chosen after
assuming a unimodal model response of blackfly
species to the gradients defined by the environ-
mental variables. A previous Detrended Canoni-
cal Correspondence Analysis (DCCA) provided
support for this (i.e., the maximal length of the
first two axes of the DCCA ordination > 3 SD;
Leps & Smilauer, 2003). For CCA, we followed
a forward selection procedure that allowed the
identification of the environmental variables that
best explained the variability in the blackfly as-
semblages of the sampling stations. The signifi-
cance of the environmental variables introduced
at each step was inferred from Monte Carlo per-
mutation tests (999 permutations, p-value < 0.05).

Finally, we used Weighted Average (WA) re-
gression (Birks, 1995) to estimate the distribution
of the mature larval and pupal stages of the black-
fly species identified in the study along each of
the environmental gradients of the variables se-
lected in the CCA. WA regression estimated the
value with the highest probability of occurrence
with respect to a quantitative environmental var-
iable for a given species based on the weighted
average of the values of the variable of interest
in those sampling stations where the species was
present. Weights were the relative abundances of
each species at each sampling station.

All statistical analyses were carried out us-
ing the free software R version 3.3.3 from The R

Foundation for Statistical Computing (R Devel-
opment Core Team, 2017; https://cran.r-project.
org). PCA was performed using the prcomp func-
tion from the ‘stats’ package. DCCA and CCA
analyses were performed using the decorana, cca
and ordistep functions from the ‘vegan’ package
(Oksanen et al., 2022). The functions optima, tol-
erance and caterpillarPlot within the ‘analogue’
package (https://cran.r-project.org/web/packages/
analogue/index.html) were used in WA regression
to depict the values with highest probability of
occurrence and ecological amplitude for environ-
mental variables of the mature larvae and pupae
of the identified simuliid species.

Creation of maps

The sampling stations’s location figure as well
as the figures for the distribution of the blackfly
species recorded for the first time from the prov-
ince of Salamanca were generated employing the
geographic information system (GIS) programme
ArcMapTM 10.5, ESRI’s ArcGIS ® software
(Redlands, CA, USA).

RESULTS

Species occurrence and geographical distribu-
tion

In total, 53135 immature larvae, 1980 mature lar-
vae and 3099 pupae were examined from the col-
lected and processed material. These specimens
belong to three genera, Metacnephia Crosskey,
1969, Prosimulium Roubaud, 1906, and Urosimu-
lium Contini, 1963, plus five subgenera within the
genus Simulium Latreille, 1802: Boophthora En-
derlein, 1921, Eusimulium Roubaud, 1906, Nev-
ermannia Enderlein, 1921, Simulium Latreille,
1802, and Wilhelmia Enderlein, 1921. Note that
according to Day et al. (2010) the characters of
larvae and pupae of the species of subgenus Eu-
simulium can show slight differences or be varia-
ble. Therefore, it is recommended to identify the
species S. angustipes, S. aureum, S. petricolum,
and S. rubzovianum only to subgenus level when
using identification keys based on morphological
characters.

Consequently, 22 species were identified from
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the studied area: Metacnephia nuragica Rivo-
secchi, Raastad & Contini, 1975; Prosimulium
latimucro (Enderlein, 1925); Prosimulium to-
mosvaryi (Enderlein, 1921); Simulium (Boophtho-
ra) erythrocephalum (De Geer, 1776); Simulium
(Eusimulium) angustipes Edwards, 191; Simuli-
um (Eusimulium) aureum Fries, 1824; Simulium
(Eusimulium) petricolum (Rivosecchi, 1963);
Simulium (Eusimulium) rubzovianum (Sherban,
1961); Simulium (Nevermannia) armoricanum
Doby & David, 1961; Simulium (Nevermannia)
carthusiense Grenier & Dorier, 1959; Simuli-
um (Nevermannia) cryophilum (Rubtsov, 1959);
Simulium (Nevermannia) naturale Davies, 1966;

Simulium (Nevermannia) vernum Macquart,
1826; Simulium (Simulium) bezzii (Corti, 1914);
Simulium  (Simulium) intermedium Roubaud,
1906; Simulium (Simulium) ornatum Meigen,
1818; Simulium (Simulium) trifasciatum Curtis,
1839; Simulium (Wilhelmia) equinum (Linnae-
us, 1758); Simulium (Wilhelmia) lineatum (Mei-
gen, 1804); Simulium (Wilhelmia) pseudequinum
Séguy, 1921; Simulium (Wilhelmia) sergenti Ed-
wards, 1923 and Urosimulium faurei (Bernard,
Grenier & Bailly-Choumara, 1972), which means
that the species identified represent 42% of the
simuliid species reported from Spain (Table 1).
As a result of this study, six species were re-

Table 1. Taxonomic classification of the identified blackfly species of this study and of the previous studies carried out in
Salamanca province, Western Spain. Clasificacion taxonomica de las especies de similidos identificadas en este estudio y en
los anteriores llevados a cabo en la provincia de Salamanca, Espaiia occidental.

Genus Subgenus Species-group

Species

Metacnephia

M. blanci (Grenier & Theodorides, 1953)

Crosskey, 1969

M. nuragica Rivosecchi, Raastad & Contini, 1975

Prosimulium
Roubaud, 1906

hirtipes
species-group

P. latimucro (Enderlein, 1925)

P. tomosvaryi (Enderlein, 1921)

Boophthora
Enderlein, 1921

S. (Boophthora) erythrocephalum (De Geer, 1776)

S. (Eusimulium) angustipes Edwards, 1915

Eusimulium

S. (Eusimulium) aureum Fries, 1824

Roubaud, 1906

S. (Eusimulium) petricolum (Rivosecchi, 1963)

S. (Eusimulium) rubzovianum (Sherban, 1961)

Nevermannia
Enderlein, 1921

vernum
species-group

S. (Nevermannia) armoricanum Doby & David, 1961

S. (Nevermannia) carthusiense Grenier & Dorier, 1959

S. (Nevermannia) cryophilum (Rubtsov, 1959)

S. (Nevermannia) naturale Davies, 1966

S. (Nevermannia) vernum Macquart, 1826

Simulium bezzii

Latreille, 1802 species-group

S. (Simulium) bezzii (Corti, 1914)

ornatum
Simulium species-group

Latreille, 1802

S. (Simulium) intermedium Roubaud, 1906

S. (Simulium) ornatum Meigen, 1818

S. (Simulium) trifasciatum Curtis, 1839

reptans
species-group

S. (Simulium) reptans (Linnaeus, 1758)

variegatum
species-group

S. (Simulium) monticola Friederichs, 1920

Wilhelmia
Enderlein, 1921

equinum
species-group

S. (Wilhelmia) equinum (Linnaeus, 1758)
S. (Wilhelmia) lineatum (Meigen, 1804)

S. (Wilhelmia) pseudequinum Séguy, 1921
S. (Wilhelmia) sergenti Edwards, 1923

Urosimulium
Contini, 1963

U. faurei (Bernard, Grenier & Bailly-Choumara, 1972)
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Figure 2. Provincial distribution maps for each of the six species recorded for the first time from the province of Salamanca based
on this study: S. armoricanum (a), S. carthusiense (b), S. naturale (c), S. vernum (d), S. bezzii (¢) and U. faurei (f). The rest of the
shaded provinces indicate previous reports of these species prior to this study. Mapas de distribucion provincial para cada una de las
seis especies registradas por primera vez en la provincia de Salamanca basado en este estudio: S. armoricanum (a), S. carthusiense
(b), S. naturale (c), S. vernum (d), S. bezzii (e), and U. faurei (f). El resto de las provincias sombreadas indican registros previos de

estas especies antes de este estudio.

corded for the first time for the area of the prov-
ince of Salamanca: S. (N.) armoricanum, S. (N.)
carthusiense, S. (N.) naturale, S. (N.) vernum,
S. (S.) bezzii, and U. faurei. Consequently, their
known geographical distributions (Lopez-Pefia &
Jiménez-Peydrd, 2017) have been enlarged and
updated (Fig. 2).

Pupae of S. ornatum and S. intermedium were
present in more than 50% of the sampling sites
(75.5% and 66% of sampling stations, respec-
tively), followed by S. rubzovianum (in 43.4% of
the sampling stations), S. angustipes and S. petri-
colum (both present in 34% of sampling stations).
The remaining identified species had less than ten
sightings, primarily being detected in 1, 2, or 4
stations. Among the species with the narrowest
distribution, P. latimucro, S. armoricanum, S. au-
reum, S. bezzii, S. carthusiense and S. naturale
were present only in one sampling station (that is
in 1.88% of sampling stations).

With regard to species abundance, consid-
ering both mature larvae and pupae, S. ornatum
emerged as the most populous species, with 2117
individuals (837 larvae and 1280 pupae), followed

by S. intermedium with 984 (258 larvae and 726
pupae), S. rubzovianum with 503 (331 larvae and
172 pupae) and, finally, P. tomosvaryi with 484
individuals (56 larvae and 428 pupae). The abun-
dances of the pupae and larvae of the other iden-
tified blackfly species were comparatively lower
(Table S3, Supplementary Material, available at
https://www.limnetica.net/en/limnetica).

Characterisation of larval and pupal habitats
and ecological distinctiveness of blackfly spe-
cies

The habitats for mature larvae and pupae of the
identified blackfly species were characterised
using a PCA on the main physico-chemical en-
vironmental variables. The first two axes of the
ordination explained 48.57% and 28.16% of the
total variance, respectively, among the sampling
stations (Fig. 3). PCA1 was positively related to
water temperature (loading = 0.631) and nega-
tively to elevation (loading = -0.648). PCA2 was
negatively related to water velocity (loading =
-0.835) and depth (loading = -0.467). These four

Limnetica, 44(2): 00-00 (2025)
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Figure 3. Principal Components Analysis (PCA) biplot of environmental variables in the sampling stations of the Huebra River.
Analisis de Componentes Principales (ACP) sobre las variables ambientales de las estaciones de muestreo del rio Huebra.
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Figure 4. Canonical Correspondence Analysis (CCA) ordination biplot of blackfly mature larvae and pupae assemblages. Scores
for blackfly species are represented by black dots placed at the centroid (i.e., weighted average) of the sampling points where each
species occurs. Environmental variables showed as vectors were incorporated using forward selection and Monte Carlo permutation
tests. Analisis Canonico de Correspondencias (ACC) de los ensamblados de larvas maduras y pupas de similidos en los puntos de
muestreo, aqui representados como circulos grises. Las coordenadas en el plano de ordenacion para las especies de simulidos se
representan por cruces de color negro situadas en el centroide (i.e., la media ponderada) de los puntos de muestreo donde se ha en-
contrado cada especie. Las variables ambientales se muestran como vectores y se incorporaron a la ordenacion mediante un proceso
de seleccion por pasos y pruebas de permutacion basadas en el método de Monte Carlo.
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variables were retained for further analyses.

The CCA explained a significant percentage
of total inertia (20%) in the variability of black-
fly assemblages (F =2.319; df =4, 37; p-value =
0.004). Further, a small subset of environmental
variables was enough to retain most of the ex-
plained variability after applying forward selec-
tion. Hence, blackfly pre-imaginal assemblages
were mainly explained by a first CCA axis pos-
itively related to temperature and negatively to
elevation, introduced sequentially, and a second
CCA axis negatively related to water velocity
(Fig. 4). Depth appeared to have a minor effect on
blackfly assemblages. Blackfly species in figure
4 are placed at the centroids (weighted average)
of the sampling stations where each species oc-
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curred. Accordingly, S. armoricanum, P. latimu-
cro and S. cryophilum appear to occur at high el-
evation and low temperatures. On the other hand,
S. sergenti or S. lineatum are revealed as species
with higher temperature optima and as prefer-
entially inhabiting low-land areas. The species
clearly associated with the highest water velocity
was M. nuragica.

Optima and tolerance values for the four en-
vironmental variables found to be relevant for
blackfly pupae and larvae assemblage composi-
tion (elevation, temperature, depth and velocity)
provided more comprehensive information re-
garding niche specificity of the pre-imaginal stag-
es of these species (Fig. 5).

Elevation and temperature settled the main en-

P. latimucro

S. pseudequinum
S.erythrocephalum
U. faurei

S. naturale

S. armoricanum
S. petricolum

S. angustipes
S. ornatum

S. intermedium
M. nuragica

S. vernum

S. sergenti

S. rubzovianum
S. cryophilum
S. lineatum

S. trifasciatum
S. carthusiense
P. tomosvaryi
S. bezzii

S. equinum

S. aureum

S. sergenti

S. angustipes
S. naturale

S. armoricanum
S. cryophilum
S. rubzovianum
U. faurei

S. bezzii

S. vernum
S.erythrocephalum
S. lineatum

S. petricolum

P. latimucro

S. trifasciatum
S. intermedium
P. tomosvaryi
S. ornatum

S. pseudequinum
S. carthusiense
S. aureum

S. equinum

M. nuragica

i i

o

[ T T T 1
0 2 4 6 8

Velocity (m/s)

Figure 5. Optima (modes) and tolerances (error bars) for (a) elevation, (b) depth (c) temperature and (d) velocity for the mature larvae
and pupae of the blackfly species found in this study. Species are arranged on the y axis by increasing optima for each variable. Op-
timos y tolerancias para (a) altitud), (b) profundidad, (c) temperatura y (d) velocidad de la corriente de las larvas maduras y pupas
de las especies de simulidos identificadas en este estudio. Las especies se han ordenado en el eje y de manera ascendente segun sus

dptimos para cada variable.
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vironmental gradient in our study. Several species
had their optimum above 900 m a.s.l. For exam-
ple, P. latimucro, S. armoricanum, and S. natu-
rale were gathered at 1000 m a.s.l., although the
latter two species were recorded from single sam-
pling stations. Other species found at high eleva-
tion and collected at several stations were S. ver-
num, and S. cryophilum, a fact that has allowed
for better defining the ranges at which they occur.
Contrarily, S. pseudequinum and S. lineatum were
found at the lowest elevations. The species with
the widest altitudinal range was S. trifasciatum.
The distribution of simuliid species along an ele-
vational gradient correlated negatively with their
thermal optima. Half of the identifies species had
thermal optima for pupae and larvae below 15° C,
whereas three species appeared to be particularly
well prepared to survive under warmer waters:
S. pseudequinum, S. lineatum and S. sergenti, all
with tolerances exceeding 25° C. U. faurei stood
out from the rest of the species with the widest
thermal ranges (1.2-11.8 ° C).

Overall, we observed wide tolerances for
the depth range in which pupae and larvae were
found in the set of species studied. Of course, our
data are limited because some species were found
at only one sampling station. Finally, the analysis
of optima and tolerances confirms the rheophilic
character of M. nuragica. No other species
seemed to cope with water velocities above 2 m/s.

Elevation, depth, temperature and velocity
ranges of the watercourse of the species recor-
ded for the first time in the province of Sala-
manca

The aquatic habitats of the six newly record-
ed species (S. armoricanum, S. carthusiense,
S. naturale, S. vernum, S. bezzii, and U. faurei)
show interesting differences and particularities
regarding the elevation, depth, temperature and
flow velocity of their freshwater breeding sites.
These nuances bring to light the ranges of the
aforementioned abiotic factors. Interestingly S.
armoricanum, S. bezzii, S. carthusiense and S.
naturale were recorded from single sampling sta-
tions, although typically at high elevation. S. ar-
moricanum and S. naturale were collected at an
elevation of 1000 m a.s.l. at sampling station 4,
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located in the surroundings of the municipality of
La Bastida, S. bezzii at 900 m at sampling station
5, from the waters of del Zarzoso stream and S.
carthusiense also at 900 m at sampling station 10,
from Maillo River. Contrarily, the species S. ver-
num and U. faurei were collected in several plac-
es, a fact that has allowed for stimating the altitu-
dinal ranges they inhabit. In this way, the species
with the widest altitudinal range, of 150 m, was
revealed to be S. vernum as a consequence of its
collection between 850 m — at sampling station 6,
from a stream in Parque La Pifiuela, and 9 from
del Zarzosillo stream —, and 1000 m, at sampling
station 4. On the other hand, U. faurei showed
the narrowest altitudinal range. This species was
found between 775 m and 800 m at sampling sta-
tion 2, from Huebra River, and 3, near Tejeda y
Segoyuela municipality.

These six species revealed certain preferences
with regard to the depth of the sites chosen for
their growth and development. S. armoricanum
and S. naturale were both collected at the sam-
pling station 4 at 0.5 m depth, S. bezzii sampling
station 5 at 0.4 m depth and S. carthusiense at
sampling station 10 at 0.3 m depth. In constrat,
P. latimucro was found at the shallowest depth.
Regarding depth tolerances, S. vernum showed
the broadest depth range, from 0.15 m to 0.4
m, at sampling stations 4 and 6 and 5 and 9 re-
spectively. The species with the narrowest depth
range was U. faurei, a specialist of shallow waters
(0.12-0.15 m).

In relation to the ranges of water temperature
in the lotic habitats of these six species, U. faurei
showed a range 1.2-11.8 °C having been found at
sampling station 2 in Escurial de la Sierra munic-
ipality and station 3 in the surroundings of Tejeda
y Segoyuela. Among the studied species, it was
by far the most tolerant to temperature variation.
As noted above, many of the other species were
found at single sampling station, so tolerance
ranges could not be estimated, and the tempera-
ture optima shown here are certainly tentative.

Regarding water velocity, most of these six
species showed similar optima, although we again
stress that these values are tentative. S. armorica-
num and S. naturale were collected from waters
of 0.45 m/s, similarly to S. bezzii and U. faurei,
which were found at ~0.5 m/s. Interestingly, U.
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faurei exhibited the narrowest range of water ve-
locity (0.38-0.7 m/s). Regarding maximum toler-
ated water velocity, S. carthusiense and S. vernum
were found in waters running at 1.04 m/s. This
last species also showed the widest range of water
velocity (0.45-1.04 m/s), as revealed by the meas-
urements acquired at sampling stations 4 and 6 in
La Bastida and Cereceda de la Sierra, and station
10 from Maillo River in El Maillo.

DISCUSSION

Species occurrence and geographical distribu-
tion

The simuliid fauna of the province of Salaman-
ca has previously been studied by both national
and international experts (Gonzalez-Pefia, 1990,
Vingon & Clergue-Gazeau, 1993, Gonzalez, 1997,
Crosskey & Crosskey, 2000, Crosskey & Baez,
2002, Lopez-Pefia et al., 2022a), who reported the
presence of 19 species (Table 2). Except for three
previously recorded, Metacnephia blanci (Greni-
er & Theodorides, 1953), and Simulium reptans
(Linnaeus, 1758), both listed by Gonzalez-Pefia
(1990), and Simulium monticola Friederichs,
1920 listed by Vingon & Clergue-Gazeau (1993),
the other 16 were also collected in the present
study in addition to six other first records for this
region. Our study shows that the distribution and
abundance of the immature stages of blackfly spe-
cies depend on physico-chemical factors of water
such as elevation, velocity, depth of the aquatic
habitat, and temperature.

Update of ecological factor ranges for the iden-
tified blackfly species

Our study has allowed us to update the ecological
ranges of the identified blackfly species for the
four key ecological factors explaining the distri-
bution of their breeding sites, at least in the prov-
ince of Salamanca. Our results, if not confirmato-
ry, have allowed us to estimate more accurately
the ecological range of many of these species (see
Table 2), which can assist in the management of
biosecurity.

For many species, our results slightly increased
the altitudinal ranges previously described and al-

though they are essentially confirmatory, it is also
true that they provide greater confidence in these
values. Note that the altitudinal ranges of M. nur-
agica (650-700 m), P. latimucro (1000-1800 m),
S. aureum (775-850 m), and S. sergenti (660-850
m) are enlarged essentially because their presence
was previously reported from single sampling
stations. It is worth mentioning that our study in-
volved a considerable sampling effort of the terri-
tory under investigation. As shown in Table 2, the
widest increases in altitudinal range as a result of
our study are those of P. tomosvaryi (775-1800
m) and S. cryophilum (800-1800 m).

Temperature is also one of the parameters that
better discriminate the distribution of blackflies,
since it directly influences their metabolism,
affecting their eggs’ embryonic development
(Cupp, 1981), egg hatching, larval growth and
development, pupation of the cocoon, and adult
emergence (Thorup, 1974, Morky, 1976, Ross &
Meritt, 1978, Colbo, 1979, Neveu & Lapichin,
1979, Merritt et al., 1982, Post, 1983). Hence, it is
very important to identify the temperature ranges
at which blackfly species grow and develop. As a
result of the present study, the temperature ranges
for several of the species reported in the province
of Salamanca have also been updated (Table 2).
For some species, the increase in temperature
ranges, especially by higher maximum values,
has been notable. For instance, the maximum re-
corded temperature for S. lineatum, S. ornatum
and S. petricolum has been increased by 2.1 °C,
and for S. intermedium and S. pseudequinum, by
2 °C. However, the most striking increase was ob-
served in S. ornatum, which was found in extraor-
dinarily cold waters.

The update of the depth at which breeding
sites of the different blackfly species occur is
highly important because this variable changes
throughout the year according to the rainy and dry
seasons. Here we followed the so-called space-
for-time substitution approach as an alternative to
a long-term study accounting for the variation in
depth conditions of particular breeding sites. The
approach is justified by the number of sampling
stations included in this study. In this regard, the
species for which the depth range at which their
larvae and pupae are found has increased the most
are S. equinum and S. pseudequinum (0.05-1.7 m)
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(Table 2). The minimum value of the range is evi-
dence that these two species can live in very shal-
low waters. This, together with the preference of
S. equinum and S. pseudequinum for high temper-
atures, supports the idea that they could complete
their life cycle in temporary waters, a scenario
that is likely to become more frequent in the near
future.

Regarding water velocity, we highlight the
information regarding the update for several
species and other relevant insights (Table 2). A
few species have experienced an increase in their
range of water velocity, namely M. nuragica, S.
equinum and S. lineatum, after being gathered
from fast-water sampling stations (between 2-5
m/s). Notably our results suggested that most of
the studied species tolerate slow water flows. The
presence of blackflies has been described in prac-
tically lentic waters, with little discharges (Van

Someren, 1944, Crosskey, 1969), characterised
by being temporary, shallow water courses, and
with very weak currents (Beaucournu-Saguez,
1972, Gracio, 1985, Gonzalez et al., 1987). A
clear example of this involves the species of the
subgenus FEusimulium, which can remain in re-
duced water flows with little current and which
therefore have a wide distribution in the rivers
of the Mediterranean basin (Jarry, 1973, Gracio,
1985). In our study, the species S. angustipes,
S. petricolum, and S. rubzovianum belonging to
this subgenus were documented in the sampling
stations with the records of lowest water veloci-
ty measurements, in the first case in flows with a
minimum of 0.25 m/s like that of sampling station
39 and in the second and third cases with read-
ings of 0.125 m/s water course speed, like those
of sampling station 21. However, they were also
found in habitats with higher speeds at up to 5

Table 2. Bibliographic and updated data on the ranges of elevation, water temperature, depth, and water velocity of 16 of the simu-
liid species identified in the province of Salamanca. ND (No data), WC (No changes). 1 (Crosskey & Crosskey, 2000), 2 (Gonzalez
Pefia, 1990), 3 (Gonzalez et al., 2002), 4 (Lopez-Peiia et al., 2022a), 5 (Vingon & Clergue-Gazeau, 1993). Datos bibliogrdficos y
actualizados de los rangos de altitud, temperatura del agua, profundidad y velocidad del flujo de agua de 16 de las especies de
simulidos identificadas en la provincia de Salamanca. ND (Sin datos), WC (Sin cambios). 1 (Crosskey & Crosskey, 2000), 2 (Gon-
zdlez Peria, 1990), 3 (Gonzdlez et al., 2002), 4 (Lopez-Peiia et al., 2022a), 5 (Vingon & Clergue-Gazeau, 1993).

Elevation (m) Temperature (2 C) Depth (m) Water velocity (m/s) References
Species Bibliographic ~ Updated  Bibliographic Updated  Bibliographic ~Updated  Bibliographic ~ Updated pref:i:,us

range range range range range range range range data
M. blanci 570 wcC ND ND ND ND ND ND 2,1
M. nuragica 675 650-700 16.9 16.9-18.6 0.15 0.15-0.2 0.714 0.6-5 4
P. latimuro 1800 1000-1800 ND 7.1 ND 0.1 ND 0.66 5
P. tomosvaryi 1300-1800 775-1800 ND 1.2-13 ND 0.1-0.5 ND 0.38-1.08 5
S. angustipes 190-950 wcC 9.2-25 9.2-25.5 0.3-5 0.05-5 0.1-0.833 0.1-5 2,4
S. aureum 775 775-850 20.5 15-20.5 0.15 0.15-0.5 0.333 0.333-1.25 4
S. cryophilum 1300-1800 800-1800 ND 10.8-13 ND 0.15-0.4 ND 0.38-0.5 51
S. equinum 750-850 wc 19.2-25 18.8-25 0.15-1.7 0.05-1.7 0.416-0.833 0.416-2 2,1,4
S. erythrocepahlum 750-1080 wcC 19.2-23 11.8-23 0.15-0.7 0.12-0.7 0.416-0.833 0.38-0.833 2,4
S. intermedium 525-950 525-1000 11.5-25 1.2-27 0.02-1.7 wc 0.166-1.25 0.125-5 4
S. lineatum 190-822 190-850 12-24.9 11.8-27 0.15-0.7 0.05-0.7 0.166-0.833 0.166-2 2,1,4
S. monticola 1300-1800 wcC ND ND ND ND ND ND 51,3
S. ornatum 650-950 wcC 11.5-24.9 1.2-27 0.03-1.5 wc 0.166-1.25 0.125-5 4
S. petricolum 700-950 650-950 9.2-24.9 9.2-27 0.03-5 wcC 0.1-0.833 0.1-1.66 4
S. pseudequinum 800-814 650-900 21-23 21-25 0.4-1.7 0.05-1.7 0.454-0.702 0.454-1 4
S. reptans 850 wcC ND ND ND ND ND ND 2,3
S. rubzovianum 700-950 650-950 9.2-24.9 9.2-25.5 0.03-5 wcC 0.1-0.833 0.1-5 4
S. sergenti 700 660-850 24.9 24-27 0.2 0.05-0.3 0.416 0.35-0.56 4
S. trifasciatum 700-950 650-950 21-24.9 12.3-25 0.05-0.4 wWcC 0.333-0.714  0.333-0.66 4
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m/s, at sampling station 23 on the Huebra River.

It is known that water flow velocity also de-
termines the dominant substrate type of the riv-
erbed (Vogel, 1981). Moreover, both the type of
substrate and water velocity are known to affect
the geographical distribution of the preimagi-
nal stages of blackflies (Ross & Merritt, 1987).
It is not surprising that in the headwaters of riv-
ers, simuliids adhere to stone surfaces, while in
the intermediate and lower areas they can also
be found on surfaces of plant origin (Gonzalez-
Pefia, 1990). Furthermore, it has been shown that
the mountainous sections of rivers, due to their
greater heterogeneity of microhabitats as a con-
sequence of the different velocities of water flow
and different types of substrates available, con-
stitute areas of great diversity of simuliid species
(Colbo & Moorhouse, 1979). This was observed
in the present study, where the stations located at
altitudes of 700-800 m (stations 3, 42 and 46) pre-
sented the highest diversities of simuliids (with
larvae and pupae of 7-8 different co-occurring
species). The relationship between substrate het-
erogeneity and blackfly diversity, and the associ-
ation between the larvae and pupae of particular
simuliid species to specific substrates are matters
of further research, towards which we are making
new efforts.

CONCLUSIONS

This research contributes substantially to ex-
panding the knowledge of Simuliidae, not only
increasing and enhancing the faunal and bioec-
ological data of the blackfly species present in
the study area of the Huebra River basin of Sala-
manca province (Western Spain), but also in the
Spanish national territory as a whole. As a result
of the occurrence of the 23 species identified, the
simuliid fauna reported from this region have in-
creased by six new records (S. armoricanum, S.
bezzii, S. carthusiense, S. naturale, S. vernum,
and U. faurei), which means that the record of 19
species in the literature has been expanded to 25.
Likewise, this study brings to light valuable in-
formation that contributes to better understanding
the biology of these species and their geographi-
cal distribution, providing new insights for some
of them and updating the ranges of abiotic factors

for others. These factors include the altitudinal
ranges where they tend to be found, the water ve-
locity and water temperature typical of their spe-
cific breeding habitats, as well as the depth of the
watercourses where they habitually develop and
grow. In addition, our study provides new knowl-
edge regarding their larvae and pupae abundanc-
es, laying bare the variety of ecological gradients
that define their occurrence and distribution pat-
terns. In particular, our results demonstrate that
the diversity of blackfly species swings according
to the elevation, water velocity, depth and tem-
perature.
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