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Abstract
Eurylophella iberica Keffermüller and Da Terra, 1978 is an endemic insect species of the Iberian Peninsula whose distribu-
tion has been poorly studied to date with rather old and scattered records. Here we compiled all existing distribution records 
and add new records from recent sampling activities. We also used this updated distributional information and environmental 
data (climate and geology) to estimate both current and future potential distributions in different climate change scenarios. 
We found that currently ca. 50% of the total Iberian region could present suitable environmental conditions for E. iberica (all 
the Iberian Peninsula, save the most eastern and Mediterranean areas). However, the potential distributions estimated when 
considering future climate change scenarios showed a marked reduction in the areas with suitable environmental conditions 
for the species, especially in the south. The northwest part of the Iberian Peninsula is a crucial zone for the future survival 
of this endemic species. We also found that most populations that occur in areas with suitable (both current and future) 
environmental conditions fall outside the Natura 2000 network of protected areas. Our results represent the first attempt to 
estimate the potential distribution of this endemic species providing important insights for its conservation.

Keywords Aquatic insects · Potential distribution · Climate change · Endemic species · Rivers

Introduction

Eurylophella is a Holarctic genus that belongs to the family 
Ephemerellidae (Insecta: Ephemeroptera), and is distributed 
mainly in the Nearctic region (Funk and Sweeney 1994; 

Bauernfeind and Soldán 2012). Only three valid species are 
distributed in the Palaearctic region: Eurylophella karelica 
Tiensuu, 1935, Eurylophella korneyevi Martynov, Palatov 
and Godunko, 2015 and Eurylophella iberica Keffermüller 
and Da Terra, 1978 (Martynov et al. 2015). While the first 
two species are recorded from Eastern Europe and Tran-
scaucasia, the latter is an endemic species of the Iberian 
Peninsula (Pardo et al. 1991; Alba-Tercedor and Jáimez-
Cuéllar 2003). Eurylophella iberica larvae seem to prefer 
rivers and streams with lentic characteristics (Pardo et al. 
1991), marginal zones, and even systems associated with 
lakes (Martínez-Sanz et al. 2012).

However, knowledge on the detailed distribution of E. 
iberica is scarce, with just few records scattered in the 
literature, and most before 1991 (Pardo et al. 1991). The 
species is currently known mostly from northern regions 
of Portugal and Spain, with some records located in central-
south Spain (Castilla-León or Andalusia regions) detected 
in the 1980s and the early 1990s (e.g., Gonzalez del Tánago 
and De Jalón 1983; Gonzalez del Tánago 1984; Puig et al. 
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supplementary material, which is available to authorized users.

 * Simone Guareschi 
 simone.guareschi@um.es

1 Department of Ecology and Hydrology, Regional Campus 
of International Excellence “Campus Mare Nostrum”, 
University of Murcia, 30100 Murcia, Spain

2 DBO5 S.L., Mairena del Aljarafe, 41927 Seville, Spain
3 CEAB, Departamento de Ecología Continental, CSIC, 

17300 Blanes, Spain
4 Instituto de Ciencias Ambientales (ICAM), Universidad de 

Castilla-La Mancha, 45071 Toledo, Spain

AQ1

1

2

3

4

5

6

7
8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

A1
A2
A3

A4
A5

A6
A7
A8

A9

A10
A11

A12
A13

http://orcid.org/0000-0003-2962-0863
http://crossmark.crossref.org/dialog/?doi=10.1007/s10841-018-0044-1&domain=pdf
https://doi.org/10.1007/s10841-018-0044-1


UNCORRECTED PROOF

Journal : Large 10841 Article No : 44 Pages : 8 MS Code : JICO-D-17-00098 Dispatch : 9-1-2018

 Journal of Insect Conservation

1 3

1986; Vidal and Membiela 1994; García Rojas and Ferreras 
Romero 1995). This problem, denominated as the Wallacean 
shortfall (Lomolino 2004), is common for many species, 
especially for insects, whose geographical distributions are 
poorly understood and present many gaps. This lack of infor-
mation limits distributional data being used in ecological, 
evolutionary and conservation research (Hortal et al. 2015).

Thus, as information on the distribution of E. iberica is 
currently spread in publications, reports and unpublished 
databases, our first objective is to update the known dis-
tribution of this endemic species, including unpublished 
data from our own sampling. Having updated the current 
distribution, we aim to estimate the current and future 
potential distributions of E. iberica in the Iberian Peninsula 
by means of species distribution modelling and consider-
ing different climate change scenarios. Finally, we seek to 
determine whether suitable condition for E. iberica falls 
within protected areas of the European Natura 2000 net-
work. All this information could be useful for locating (i) 
future sampling efforts to detect areas where the species has 
been undetected to date; (ii) potentially threatened popula-
tions to which conservation management policies may be 
applied. This research will bring relevant information on this 
endemic species and represents a first attempt to evaluate its 
conservation status.

Materials and methods

Biological data

We compiled all the available distributional data of E. iber-
ica from the scientific literature (scientific articles, techni-
cal reports, online databases including the Global Biodi-
versity Information Facility (GBIF 2017), PhD theses or 
unpublished records) All this was coupled with recent sam-
pling campaigns performed by the authors in south Spain 
(2016–2017) (Table 1). This included records over the last 
50 years (1968–2017). A few records with taxonomic uncer-
tainties or with doubtful or imprecise localities were not 
considered in the study.

Current potential distribution

Climatically suitable areas were investigated by consider-
ing the climatic variables obtained from WORLDCLIM, 
version 1.3 (Hijmans et al. 2005). WORLDCLIM contains 
the climate data obtained from interpolating climate station 
records from 1950 to 2000.

A multidimensional envelope procedure (MDE, see 
Sánchez-Fernández et al. 2011 for the conceptual basis of 
this approach) was used to obtain a map with the potential 
distribution of E. iberica. Assuming that presence localities 

reflect a subset of the suitable conditions under which a spe-
cies can maintain viable populations, MDE is an approach 
directed at maximizing the capacity to represent geographi-
cally the potential distribution of species when they are 
only based on distributional data (see Jiménez-Valverde 
et al. 2011; Sánchez-Fernández et al. 2011). Firstly, and 
because MDE procedures strongly depend on the number 
of selected predictors (Beaumont et al. 2005), the climatic 
variables considered relevant for species distribution were 
estimated. The minimum set of climatic variables needed to 
explain the occurrence of E. iberica was calculated using 
an ecological-niche factor analysis (ENFA) in the Biomap-
per package (Hirzel et al. 2002). This procedure computes 
uncorrelated factors that can explain both species marginal-
ity (the distance between the species optimum and the aver-
age climatic conditions in the study area) and specialisation 
(the ratio of the ecological variance in the climate of the 
study area to that associated with the focal species). Fac-
tors were retained or ruled out based on their eigenvalues in 
relation to a broken-stick distribution (Hirzel et al. 2002). 
Then the maximum and minimum scores (extreme values) 
for all these relevant climatic variables were calculated in all 
the cells where presence of the species was observed after 
selecting all the grid squares with climatic values that fell 
within that range as suitable. In this way, the extreme values 
were used to derive a binary distributional hypothesis about 
the areas with climatically suitable conditions (climatic 
potential distribution) according to the assumption that 
recorded occurrences reflect the spectrum of the climatic 
conditions in which the species can survive and reproduce.

To obtain a continuous environmental suitability value 
on the potential distribution map, Mahalanobis distances (a 
multidimensional non-Euclidean distance measure) were 
calculated from each cell to the mean hypervolume of the 
selected variables, which refers to the species’ presence 
records. This procedure has been widely used in spatial ani-
mal ecology (e.g. Etherington et al. 2009) and is considered 
an useful tool to estimate the environmental suitability area 
for a given species (Calenge et al. 2008; Sánchez-Fernández 
et al. 2013; Guareschi et al. 2013). Thus the final repre-
sentation of the potential distribution for E. iberica was a 
map with continuous favourability values within its potential 
distribution, which ranged from 0 (low suitability) to 100 
(high suitability).

However, the lithological composition of the substratum 
influences the conductivity and pH of aquatic systems and 
may affect the distribution patterns of aquatic species (e.g., 
Bonada et al. 2005; Neff and Jackson 2011). Therefore, the 
percentage of each grid cell with an acidic surface geol-
ogy (i.e. both acidic bedrock and/or surface deposits), was 
also considered and included in the models. These data 
were obtained from the Geological Map of Spain (Instituto 
Geológico y Minero de España IGME). We removed all 
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the areas (10 × 10 km2) from the potential climatic distri-
bution map that contained a lower acid surface geology 

percentage than the lowest percentage at which the spe-
cies had been detected. We thus obtained a final binary 

Table 1  Compiled records of Eurylophellaiberica throughout the Iberian Peninsula (39 records)

year sampling years, %N2000 percentage of overlap between the 10 × 10  km cell and the Natura 2000 network, MGRS 10 × 10 code of the 
10 × 10 km cell
a New records (first-time published, red points in Fig. S1)

State Sites References Year MGRS 10 × 10 %N2000

Portugal Rio Sanguinhedo Keffermuller and Da Terra (1978) 1975 29TNF47 0.0
Rio Ave Keffermuller and Da Terra (1978) 1975 29TNG70 0.0
Ribeira de Figueira Keffermuller and Da Terra (1978) 1975 29SPD17 46.9
Rio Coura Keffermuller and Da Terra (1978) 1975 29TNG34 18.1
Rio Neiva Keffermuller and Da Terra (1978) 1975 29TNG30 0.0
Rio Homem Keffermuller and Da Terra (1978) 1975 29TNG51 14.3
Rio Pele Keffermuller and Da Terra (1978) 1975 29TNF48 0.0
Ribeiro da Aldeia Keffermuller and Da Terra (1978) 1975 29TNF37 0.0
Rio Coa Keffermuller and Da Terra (1978) 1975 29TPE66 64.4
Rio Vizela, Golaes Alba-Tercedor (1981) 1968 29TNF69 0.0
Rio Coura, Santa Studemann and Tomka (1987) 1986 29TNG34 18.1
Rio Olo Sampaio et al. (2001) 1998 29TNF87 38.9

Spain Zapateira, Louro River Pardo et al. (1991) 1986 29TNG37 0.1
Mos, Louro River Pardo et al. (1991) 1986 29TNG37 0.1
Porriño, Louro River Pardo et al. (1991) 1986 29TNG36 4.4
Eidos, Louro River Pardo et al. (1991) 1986 29TNG36 4.4
Cerquido, Louro River Pardo et al. (1991) 1986 29TNG36 4.4
Tuy, Louro River Pardo et al. (1991) 1986 29TNG35 13.0
Arrayal, Louro River Pardo et al. (1991) 1986 29TNG35 13.0
Ribadelouro_San Simón stream Pardo et al. (1991) 1986 29TNG26 0.9
Centeans, Centeans stream Pardo et al. (1991) 1986 29TNG26 0.9
Cerquido, Beceira stream Pardo et al. (1991) 1986 29TNG36 4.4
Pontellas, Laxas stream Pardo et al. (1991) 1986 29TNG36 4.4
Rebordans, Deikas stream Pardo et al. (1991) 1986 29TNG35 13.0
Rebordans, Rebordans stream Pardo et al. (1991) 1986 29TNG25 14.0
Invernadeiro, Puxo de Mogos stream Pardo et al. (1991) 1986 29TPG36 57.3
Porriño, Louro River Biodiversidad Virtual (J. Lizón personal 

comm.)
2016 29TNG36 4.4

a Lloredal stream (Esva Basin) Puig et al. sampling 1992 29TQJ02 15.4
Tera river, Trefacio Gonzalez del Tánago and De Jalón (1983) 1982 29TPG96 26.3
Tietar river, Piedralaves Gonzalez del Tánago (1984) 1983 30TUK56 100
Stream in Castrocontrigo Vidal and Membiela (1994) 1991 29TQG36 0.1
Yeguas River, Fuencaliente García Rojas and Ferreras Romero (1985) 1984 30SUH84 78.6

a Robledillo River Mellado and Guareschi sampling 2016 30SVH05 100
a Garganta del Prior (Sierra de La Palma) Puig et al.  sampling 2000 30STF70 38.3
a Canuto del Puerto Oscuro (Sierra de Aljibe) Puig et al.  sampling 1999 30STF64 99.9

Cañaveroso River Márquez-Rodríguez (2015) 2010 29SQB36 92.3
Rivera Huelva Boyero (Personal Communciation) 2012 29SQC00 100

a Rivera Huelva Mellado and Guareschi sampling 2016–2017 29SQC00 100
a Guadalbarbo River Mellado and Guareschi sampling 2016–2017 30SUH32 18.4
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potential distribution map that showed the climatic and 
geologically suitable areas for E. iberica.

Future potential distribution

The climatic variable values found as being relevant for 
E. iberica were projected in relation to two future climate 
scenarios to estimate the potential range dynamics of this 
endemic species in the future.

The bioclimatic predictors for future scenarios (year 
2080) were obtained from the CCCMA-CGCM2 climate 
model (Flato et  al. 2000) through the CIAT database 
(http://www.ccafs-climate.org, Ramirez and Jarvis 2008). 
The A2 and B2 scenarios from the 4th assessment report 
of the Intergovernmental Panel on Climate Change (IPCC 
2007) were used. The A2 scenario is considered a more 
‘extreme’ scenario, with a projected warming of a mean 
annual temperature of 3.8 ± 1.1 °C. On the contrary, B2 
reflects a ‘moderate’ scenario, with an increase in the 
projected mean annual temperature (in the Iberian Penin-
sula) of 2.5 ± 1.0 °C (± standard deviation). The projected 
changes in aquatic habitats according to climate change 
are based on the fact that land-based variables might be 
representative of the climatic conditions found in inland 
waters since river temperatures can be strongly influenced 
by air temperatures (Webb et al. 2003; Caissie et al. 2006; 
Alba-Tercedor et al. 2017), especially in middle reaches 
(Vannote et al. 1980). We also refined these maps by incor-
porating lithological information and by using the same 
procedure as explained above.

Overlapping the current distribution with protected 
areas

We focused here on the Natura 2000 network (hereafter 
N2000) in the Iberian Peninsula. N2000 represents a key 
tool for biodiversity conservation on the European scale 
and aims to guarantee the long-term survival of Europe’s 
most valuable and threatened species and habitats. Four 
GIS data layers (Special Protection Areas and Special 
Areas of Conservation for Spain and Portugal), supplied 
by national conservation agencies, were processed and 
combined to produce a single layer of the current N2000 
in the Iberian Peninsula. Then the overlapping propor-
tions between each square (10 × 10 km) with records of E. 
iberica and N2000 were calculated. Subsequently, three 
types of squares were defined according to the calculated 
overlapping values: the squares represented within N2000 
(overlapping value ≥ 50%), the marginally represented 
squares (from 1 to 50%) and the squares “outside” N2000 
(< 1%).

Results

The collected dataset contained 39 records (species/date/
locality) located in 28 10 × 10 km2 throughout the Iberian 
Peninsula (33 obtained from the bibliography and 6 new 
records from unpublished material and recent sampling; 
see Table 1 and Electronic supplementary material S1). 
All these records are located mostly in the western section 
of the Iberian Peninsula, and represent the most complete 
and updated distribution of E. iberica.

The most relevant climatic variables identified by 
ENFA, which were therefore used in the MDE procedure, 
were: mean temperature of warmest quarter (BIO10), pre-
cipitation of wettest quarter (BIO16) and precipitation of 
coldest quarter (BIO19).

The MDE results show that almost 75% of the total 
Iberian Peninsula may include suitable current climatic 
conditions for E. iberica (see Fig. 1a), mainly areas with 
mild summers and humid winter and autumn seasons. 
These areas represent the potential climatic distribu-
tion of E. iberica and are located throughout the Iberian 
Peninsula, except for the more strictly Mediterranean or 
semiarid areas. The potential distribution, estimated by 
considering future climate change scenarios, showed how 
the areas with suitable climatic conditions for the species 
had markedly been reduced (Fig. 1b–c). In both scenarios 
(A2 and B2), southern populations will almost completely 
enclose unsuitable conditions for the species to remain in 
these areas. Moreover, according to the more pessimistic 
scenario (A2), even the large Portuguese area with cur-
rent good suitability would be drastically constrained, and 
northern Spain (mainly Galicia) would be the most impor-
tant relict area for E. iberica in the future (Fig. 1c).

Within this climatic potential distribution, the areas 
with the best climatic suitability were mainly located in 
Portuguese territory, with other scattered areas in northern 
Spain with a clear Atlantic influence, and in the middle 
mountainous regions of central-south Spain (see Fig. 2a).

We found that the lowest percentage of acid surface 
(both rocks and deposits) in a square that recorded the 
presence of the studied species was 14%. Thus we removed 
all the areas (squares) that presented a lower percentage of 
acid surfaces than this value. The current potential distri-
bution covered around 50% of the Iberian Peninsula sur-
face (Fig. 1d–f). In this context the most environmentally 
suitable areas were mainly located in Portuguese territory 
coupled with Galicia Region and few other central-south 
Spain zones (see Fig. 2b). As in the future climate change 
scenarios (Fig. 1e–f), these environmentally suitable areas 
would undergo drastic reductions, and the north-western 
part of the peninsula would be the only area available for 
the species.
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Finally, after overlapping the 28 squares (10 × 10 km) in 
which E. iberica was recorded within N2000, we found that 
8 squares (29%) were included to some extent in N2000 
protected areas (an overlapping value ≥ 50%, see Fig. 3), 
with four squares overlapping more than 99%. The remain-
ing 20 squares were marginally represented (11, 39%) or 
were outside N2000 (9, 32%). Overall the mean percentage 
of protected surface area for the 28 squares was 33.6% (see 
Table 1; Figs. 3 and S1), with values around 17% in Portugal 
and 45% in Spain.

Discussion

The present work updates the current distribution of 
Eurylophella iberica with the inclusion of unpublished 
records, which extends its current range size in some areas 
of central and south Spain. This effort allowed us to col-
lect practically all the available information (as far as we 
know) about this endemic Ephemeroptera. Besides, the 
results obtained and displayed in Figs. 1, 2 and 3 provide 

Fig. 1  Potential climatic distribution (a current climatic potential dis-
tribution; b B2 future scenario; c A2 future scenario). Environmental 
potential distribution (potential climatic distribution refined by geol-

ogy d current environmental potential distribution; e B2 future sce-
nario; f A2 future scenario)

Fig. 2  a Map of the current potential distribution of Eurylophella 
iberica in the Iberian Peninsula showing climatic favourability from a 
dark colour (high suitability) to a light colour (low suitability). b Ibe-
rian Peninsula’s current potential distribution of Eurylophella iberica 

showing environmental favourability (climatic + geology) from a 
dark colour (high suitability) to a light colour (low suitability). These 
values were calculated by applying Mahalanobis distances (see the 
"Materials and methods" section)
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useful information to be consulted by freshwater ecolo-
gists, taxonomists or biogeographers, and especially by 
conservation biologists. Furthermore, the environmental 
suitability maps provided herein represent the first attempt 
to estimate the potential distribution of E. iberica through-
out the Iberian Peninsula, also evaluating the effects of 
different climate change scenarios.

Considering that aquatic biomonitoring activities are 
probably the most common way to obtain data on aquatic 
insect distribution, and that these activities are conducted 
mostly at the family level, it is likely that E. iberica had 
been overlooked in other freshwater systems. However, 
Eurylophella larvae can be easily recognised from other 
Ephemerellidae for their specific gills, particularly the fila-
mentous pair on the first abdominal segment (details in 
Gonzalez del Tánago and De Jalón 1983; Martynov et al. 
2015). The wide potential distribution obtained for E. iber-
ica (almost 50% of the whole Iberian Peninsula) means 
that this species can appear in a relatively wide range of 
environmental conditions. However, it should be noted that 
the localities predicted as belonging to this potential dis-
tribution may be inhabited or not. Thus, potential distribu-
tion maps can be a useful tool to locate further sampling 
efforts in suitable areas to complete the current distribu-
tion and also to reduce uncertainty in geographically or 
taxonomically questionable records. We recommend pri-
oritising future sampling efforts practically all over the 
Portuguese territory, as well as in areas of north Spain and 
parts of central-south Spain (e.g., the Castilla-La Mancha 
Region). A major sampling effort is also recommended 
in regions with old species records (e.g. 1980s–1990s), 
especially those located in areas with low environmental 
favourability. Once new records have been confirmed, they 

can be incorporated into the model and maps to refine esti-
mates of the potential distribution of E. iberica.

Climate change can have particularly strong impacts on 
ectotherm species (highly sensitive to temperature changes) 
such as aquatic insects like Ephemeroptera or Plecop-
tera, with short aerial stages and poor dispersal capability 
(Fenoglio et al. 2016). In our case, a notable shift towards 
the northern latitude of the Iberian Peninsula is expected, 
with dramatic consequences for southern populations (most 
of them unknown before this study). These trends are con-
cordant with the shift of species’ ranges towards higher lati-
tudes and/or altitudes following their thermal preferences, 
which represents one of the most expected and already 
observed ecological impacts of climatic change worldwide 
(Parmesan and Yohe 2003). In fact, changes in distribution 
patterns have recently been estimated for aquatic macroin-
vertebrate families along Mediterranean Spain under global 
change scenarios (Alba-Tercedor et al. 2017). An analogous 
alert, specific for the Ephemeroptera fauna, has already been 
stressed by Conti et al. (2013), who highlighted that the Ibe-
rian Peninsula is among the most vulnerable areas to climate 
change in Europe. Similarly, 85% of the endemic macroin-
vertberate species in the Iberian-Macaronesian region have 
been identified as climate-change “losers” (Domisch et al. 
2013) in the same climate warming scenarios considered in 
this study.

Finally, the importance of taking into account inverte-
brates in conservation planning should be stressed, espe-
cially those that inhabit threatened freshwater ecosystems 
(e.g., lower and middle reaches of rivers, Sánchez-Fernández 
et al. 2008) which are globally, and on the Iberian Penin-
sula, less protected than other habitats (e.g., Joppa and Pfaff 
2009; Guareschi et al. 2015). Our results also emphasise 
the value of incorporating climate change information and 
species’ future potential distributions into the designs of 
conservation programmes and priorities (e.g. Cheng and 
Bonebrake 2017). Moreover, few conservation planning 
studies have focused on insects, as compared to other taxa 
(Wilson and Maclean 2011; Sánchez-Fernández et al. 2013). 
Some studies have already stressed the lack of effectiveness 
of the European Natura 2000 reserve network in representing 
the invertebrate fauna in different countries (e.g. Sánchez-
Fernández et al. 2008; D’Amen et al. 2013). With Eury-
lophella iberica, the existing Natura 2000 network fails to 
represent the northern populations of this endemic species, 
especially in Portugal, where the percentage of overlap with 
N2000 is extremely low. Furthermore, this is particularly 
relevant if we consider that the future potential distributions 
of the species concentrate mostly in this area (the northern 
Iberian Peninsula), making it a critical zone for the future 
survival of this species. Thus based on our study results, 
we recommend taking effective conservation measures in 
these areas (e.g., specific sampling activities and research, 

Fig. 3  Overlap among the localities with records of Eurylophella 
iberica and the Natura 2000 network (soft grey): white = over-
lap < 1%; grey 1–50%; black > 50%
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expansion of reserves, catchment-based conservation plan-
ning) to prevent the effects of climate change on this inter-
esting species.

Acknowledgements Sampling campaigns 2016–2017 were under-
taken as part of the Project “Explotación de los programas de control 
y seguimiento de los elementos de calidad biológicos e hidromor-
fológicos en las aguas continentales superficiales en la Cuenca Hidro-
gráfica del Guadalquivir”, carried out by DBO5 S.L. (environmental 
firm, Seville.) Thanks go to the “Confederación Hidrográfica del Gua-
dalquivir” (Área de Calidad de Aguas) for its support and help. Thanks 
to Maria Jesus Serrano, Carmen Ruiz-Delgado, Adrian Ramos and 
Félix Picazo for their help with laboratory and field works and Helen 
Warburton for checking the English grammar. The authors also wish 
to thanks anonymous reviewers for input and useful suggestions. DS-F 
was supported by a post-doctoral contract funded by the Universidad de 
Castilla-La Mancha and the European Social Fund (ESF).

Compliance with ethical standards 

Conflict of interest No potential conflict of interest is reported by the 
authors.

References

Alba-Tercedor J (1981) Recopilación de citas de Efemerópteros en la 
Península Ibérica e Islas Baleares. Trab. Monogr. Dep. Zool Univ 
Granada 4(2):41–81

Alba-Tercedor J, Jáimez-Cuéllar P (2003) Checklist and historical 
evolution of the knowledge of Ephemeroptera in the Iberian Pen-
insula, Balearic and Canary Islands. In: Gaino E (ed). Research 
update on Ephemeroptera & Plecoptera. Università di Perugia, 
Perugia, pp 91–97

Alba-Tercedor J, Sáinz-Bariáin M, Poquet JM, Rodríguez-López R 
(2017) Predicting river macroinvertebrate communities distribu-
tional shifts under future global change scenarios in the Spanish 
Mediterranean Area. PLoS ONE 12(1):e0167904

Bauernfeind E, Soldán T (2012) The mayflies of Europe (Ephemerop-
tera). Apollo Books, Ollerup

Beaumont LJ, Hughes L, Poulsen M (2005) Predicting species distri-
butions: use of climatic parameters in BIOCLIM and its impact 
on predictions of species’ current and future distributions. Ecol 
Model 186:250–269

Bonada N, Zamora-Muñoz C, Rieradevall M, Prat N (2005) Ecological 
and historical filters constraining spatial caddisfly distribution in 
Mediterranean rivers. Freshw Biol 50:781–797

Caissie D (2006) The thermal regime of rivers: a review. Freshw Biol 
51:1389–1406

Calenge C, Darmon G, Basille M, Loison A, Jullien JM (2008) The 
factorial decomposition of the Mahalanobis distances in habitat 
selection studies. Ecology 89:555–566

Cheng W, Bonebrake TC (2017) Conservation effectiveness of pro-
tected areas for Hong Kong butterflies declines under climate 
change. J Insect Conserv 21:599–606. https://doi.org/10.1007/
s10841-017-9998-7

Conti L, Schmidt-Kloiber A, Grenouillet G, Graf W (2014) A trait-
based approach to assess the vulnerability of European aquatic 
insects to climate change. Hydrobiologia 721:297–315

D’Amen M, Bombi P, Campanaro A, Zapponi L, Bologna MA, Mason 
F (2013) Protected areas and insect conservation: questioning the 
effectiveness of Natura 2000 network for saproxylic beetles in 
Italy. Anim Conserv 16:370–378

Domisch S, Araújo MB, Bonada N, Pauls SU, Jähnig SC, Haase P 
(2013) Modelling distribution in European stream macroinver-
tebrates under future climates. Glob Change Biol 19:752–762

Etherington TR, Ward AI, Smith GC, Pietravalle S, Wilson GJ 
(2009) Using the Mahalanobis distance statistic with unplanned 
presence-only survey data for biogeographical models of spe-
cies distribution and abundance: a case study of badger setts. J 
Biogeogr 36:845–853

Fenoglio S, Bonada N, Guareschi S, López-Rodríguez MJ, Millán 
A, Tierno de Figueroa JM (2016) Freshwater ecosystems and 
aquatic insects: a paradox in biological invasions. Biol Lett 
12:20151075

Flato GM, Boer GJ, Lee WG, McFarlane NA, Ramsden D, Reader 
MC, Weaver AJ (2000) The Canadian centre for climate mod-
elling and analysis global coupled model and its climate. Clim 
Dyn 16:451–467

Funk DH, Sweeney BW (1994) The larvae of eastern North Ameri-
can Eurylophella Tiensuu (Ephemeroptera: Ephemerellidae). 
Trans Am Entomol Soc 120:209–286

García Rojas AM, Ferreras Romero M (1995) El Rio Yeguas: Car-
acterización y calidad de sus aguas: factores físicos-químicos y 
biológicos (in Spanish). Diputación de Cordoba, Ayuntamiento 
de Cardeña. ISBN: 84-605-2806-5

GBIF Global Biodiversity Information Facility (2007) Free and open 
access to biodiversity data. http://www.gbif.org/. Accessed 18 
May 2017

Gonzalez del Tánago M (1984) Contribution to the zoogeography of 
the Spanish Ephemeroptera. In: Landa V, Soldan T, and Ton-
ner M (eds) Proceedings of the fourth international conference 
on Ephemeroptera, Bechyne, September 4–10, 1983 Institute 
of Entomology, Czechoslovak Academy of Sciences, Ceske 
Budejovice

Gonzalez del Tánago M, De Jalón DG (1983) New ephemerellidae 
from Spain (Ephemeroptera). Aquatic Insects 5:147–156

Guareschi S, Coccia C, Sánchez-Fernández D, Carbonell JA, Velasco 
J, Boyero L, Green AJ, Millán A (2013) How far could the alien 
boatman Trichocorixa verticalis verticalis spread? Worldwide 
estimation of its current and future potential distribution. PLoS 
ONE 8:e59757

Guareschi S, Bilton DT, Velasco J, Millán A, Abellán P (2015) How 
well do protected area networks support taxonomic and functional 
diversity in non-target taxa? The case of Iberian freshwaters. Biol 
Cons 187:134–144

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A (2005) Very 
high resolution interpolated climate surfaces for global land areas. 
Int J Climatol 25:1965–1978

Hirzel AH, Hausser J, Chessel D, Perrin N (2002) Ecological-niche 
factor analysis: how to compute habitat suitability maps without 
absence data? Ecology 83:2027–2036

Hortal J, de Bello F, Diniz-Filho JAF, Lewinsohn TF, Lobo JM, Ladle 
RJ (2015) Seven shortfalls that beset large-scale knowledge on 
biodiversity. Annu Rev Ecol Evol Syst 46:523–549

IPCC (2007) In: Solomon S, Qin D, Manning M, Chen Z, Marquis 
M, Averyt KB, Tignor M, Miller HL (eds) Climate change 2007: 
the physical science basis, contribution of working group I to 
the fourth assessment report of the intergovernmental panel on 
climate change. Cambridge University Press, Cambridge

Jiménez-Valverde A, Peterson AT, Soberon J, Overton J, Aragon P, 
Lobo JM (2011) Use of niche models in invasive species risk 
assessments. Biol Invasions 13:2785–2797

Joppa LN, Pfaff A (2009) High and far: biases in the location of pro-
tected areas. PLoS ONE 4:e8273

Keffermüller M, Da Terra LSW (1978) The second European species of 
the subgenus Eurylophella Tiensuu (Ephemeroptera, Ephemerelli-
dae, Ephemerella). Bulletin de l’Académie Polonaise des Sciences. 
Série des Sciences Biologiques 26:29–33

352

353

354

355
356
357
358
359
360
361
362
363
364
365
366
367

368

369
370

371

372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474

https://doi.org/10.1007/s10841-017-9998-7
https://doi.org/10.1007/s10841-017-9998-7
http://www.gbif.org/


UNCORRECTED PROOF

Journal : Large 10841 Article No : 44 Pages : 8 MS Code : JICO-D-17-00098 Dispatch : 9-1-2018

 Journal of Insect Conservation

1 3

Lomolino MV (2004) Conservation biogeography. In: MV Lomolino, 
Heaney LR (Eds) Frontiers of biogeography: new directions in the 
geography of nature. Sinauer Associates, Sunderland, pp 293–296

Márquez Rodríguez J (2015) Seguimiento plurianual de la fauna de 
macroinvertebrados en dos cursos de pequeño orden de Sierra 
Morena (Sevilla) tras un incendio forestal (in Spanish). PhD The-
sis University Pablo de Olavide, Faculty of Experimental Sci-
ences, Seville

Martínez-Sanz C, Cenzano CS, Fernández-Aláez M, García-Criado F 
(2012) Relative contribution of small mountain ponds to regional 
richness of littoral macroinvertebrates and the implications for 
conservation. Aquatic Conserv 22:155–164

Martynov AV, Palatov DM, Godunko RJ (2015) The larvae of West Pal-
aearctic EurylophellaTiensuu, 1935 (Ephemeroptera: Ephemerel-
lidae), with description of a new species from Georgia. Zootaxa 
3904:123–143

Neff MR, Jackson DA (2011) Effects of broad-scale geological changes 
on patterns in macroinvertebrate assemblages. J N Am Benthol 
Soc 30:459–473

Pardo I, Eiroa E, Novoa F (1991) New records of mayflies from Galicia 
(Ephemeroptera): overview and strategies of Ephemeroptera and 
Plecoptera. Sandhill Crane Press, Gainsville, pp 289–296

Parmesan C, Yohe G (2003) A globally coherent fingerprint of climate 
change impacts across natural systems. Nature 421:37–42

Puig MA, García-Rojas AM, Ferreras-Romero M (1986) Efe-
merópteros nuevos para Andalucía. Boletín Asociacion Española 
de Entomología 10:404

Ramirez J, Jarvis A (2008) High resolution statistically downscaled 
future climate surfaces. http://ccafs-climate.org. Accessed 13 May 
2017

Sampaio A, Cortes R, Leão C (2001) Invertebrate and microbial coloni-
sation in native and exotic leaf litter species in a mountain stream. 
Int Rev Hydrobiol 86:527–540

Sánchez-Fernández D, Bilton DT, Abellán P, Ribera I, Velasco J, Mil-
lán A (2008) Are the endemic water beetles of the Iberian Penin-
sula and the Balearic Islands effectively protected? Biol Conserv 
141:1612–1627

Sánchez-Fernández D, Lobo JM, Hernández-Manrique OL (2011) 
Species distribution models that do not incorporate global data 
misrepresent potential distributions: a case study using Iberian 
diving beetles. Diversity Distribution 17:163–171

Sánchez-Fernández D, Abellán P, Picazo F, Millán A, Ribera I, Lobo 
JM (2013) Do protected areas represent species’ optimal climatic 
conditions? A test using Iberian water beetles. Divers Distrib 
19:1407–1417

Studemann D, &Tomka I (1987) Contribution to the study of European 
Ephemerellidae (Ephemeroptera): I. Completion of description of 
three endemic Iberian species. Mitteilungen der Schweizerischen 
Entomologischen Gesellschaft 60:361–378

Vannote RL, Minshall GW, Cummins KW, Sedell JR, Cushing 
CE (1980) River continuum concept. Can J Fish Aquat Sci 
37:130–137

Vidal M, Membiela P (1994) Efemeropteros у Plecopteros (Insecta) 
de las Sierras Segundera, Cabrera у Teleno (NW de la Peninsula 
Iberica). Boletín Asociacion Española de Entomologia 18:49–64

Webb BW, Clack PD, Walling DE (2003) Water–air temperature rela-
tionships in a Devon river system and the role of flow. Hydrol 
Proces 17:3069–3084

Wilson RJ, Maclean IM (2011) Recent evidence for the climate 
change threat to Lepidoptera and other insects. J Insect Conserv 
15:259–268

475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507

508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535

http://ccafs-climate.org


Journal : Large 10841 Article No : 44 Pages : 1 MS Code : JICO-D-17-00098 Dispatch : 9-1-2018

Journal: 10841
Article: 44

1 3I
Author Query Form

Please ensure you fill out your response to the queries raised below and return this form along 
with your corrections

Dear Author

During the process of typesetting your article, the following queries have arisen. Please check your typeset proof 
carefully against the queries listed below and mark the necessary changes either directly on the proof/online grid or in the 
‘Author’s response’ area provided below

Query Details Required Author’s Response
AQ1 Author: Please check and confirm that the affiliations have been correctly identified.
AQ2 Author: Text mismatch between Excel and manuscript for Table  1. Hence, we have 

followed Table 1 in Excel sheet. Please check and confirm or amend if necessary.


	On the Iberian endemism Eurylophella iberica Keffermuller and Da Terra 1978 (Ephemeroptera, Ephemerellidae): current and future potential distributions, and assessment of the effectiveness of the Natura 2000 network on its protection
	Abstract
	Introduction
	Materials and methods
	Biological data
	Current potential distribution
	Future potential distribution
	Overlapping the current distribution with protected areas

	Results
	Discussion
	Acknowledgements 
	References


