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Abstract. Baetis (Rhodobaetis) canariensis s.l. was considered to be the most common species of mayfly (Ephemeroptera) in running 
waters of the Canary Islands. Recent studies using mitochondrial genetic markers suggested that what was considered a single species was 
in fact composed of four closely related, but distinct species. Here we present the results of comprehensive morphological analysis of speci-
mens from Tenerife, Gran Canaria, La Palma, and La Gomera that confirms the validity of the four species based on small but consistent 
differences in some characters. Three of these are new species and are described herein at the larval stage. Each of the four species appears 
to be restricted to a single island. The loss of freshwater habitats on the islands has led to a drastically diminished distribution and these 
species are largely restricted to protected areas in national parks. All four species must be considered endangered and are very sensitive 
sentinels of the state of conservation of running waters. 
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1. 	 Introduction

The Canarian archipelago is formed by seven major is-
lands and some small islets. All of them have a volcan-
ic origin and were formed at different times. The most 
eastern islands (Lanzarote and Fuerteventura) are the 
oldest (20.4 – 20.6 million years ago (mya)). The “mid-
dle islands” of Gran Canaria, Tenerife, and La Gomera 
emerged between 14.5 and 10.5 mya. The case of Ten-
erife is the most complex as it was originally composed 
of three independent islands (Roque del Conde 10.5 mya; 
Teno 7.4 mya; and Anaga 6.5 mya) (Anguita & Hernán 
2000; Guillou et al. 2004). The three edifices were con-
nected later on by volcanic activities (< 3.2 mya) creating 
the 3718 m high volcano El Teide (Geyer & Martí 2010). 
These activities had a strong impact on the geology of the 

island and of course on its biota. The most western islands 
(La Palma and El Hierro) are the youngest (1.7 and 1.1 
mya, respectively). Due to their geographic position, the 
different islands have distinct climates. The Gulf Stream 
has a significant impact on the western islands (La Palma, 
La Gomera, and El Hierro); the vegetation is well devel-
oped with the presence of laurisilva forest at high and 
middle altitudes. The climate gets drier toward the West, 
Fuerteventura and Lanzarote being arid to semi-arid. Gran 
Canaria and Tenerife present intermediate climate. Only 
the four islands Tenerife, Gran Canaria, La Palma, and La 
Gomera have permanent running waters (Fig. 1).
	 Various taxonomic groups have been studied in an ef-
fort to better understand the colonisation and speciation 
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processes on the Canary Islands. A number of different 
colonisation pathways have been identified in different 
groups, including multiple colonisations, single colonisa-
tion with stepping stones dispersal as well as colonisation 
from islands to mainland (aquatic insects, spiders, birds 
as well as several families of plants) (Kelly et al. 2001; 
Ribera et al. 2003; Emerson & Oromi 2005; Dietzen et 
al. 2008; Fernandez-Palacios & Whittaker 2008; Stein-
bauer et al. 2016; Rutschmann et al. 2017; Valente et al. 
2017). 
	 Because of their low dispersal capacity (see be-
low), mayflies are considered to be an excellent group 
for biogeographical studies (Monaghan et al. 2005). 
For mayflies of lotic habitats (i.e., rivers and streams), 
a colonisation of the archipelago from Europe possibly 
via Madeira or from North Africa followed by speciation 
within and among islands is the most plausible scenario 
(Rutschmann et al. 2014). However, it remains open to 
what extent the island-endemic species distribution pat-
tern (see below) might be driven by ecological or mor-
phological diversification.
	 Mayflies are the oldest order of winged insects; the 
order presently encompasses about 3500 species belong-
ing to 42 families. Mayflies are merolimnic with strictly 
freshwater dependent larval stages, while subimaginal 
and imaginal stages are aerial; imagos only live from a 
few hours to a few days (Barber-James et al. 2008). The 
family Baetidae is widely distributed and is, with around 
1000 known species, one of the most diversified families 
in both tropical and temperate regions, including remote 
volcanic islands such as La Réunion, Vanuatu, Guam and 
the Fiji islands (Flowers 1990; Gattolliat 2004; Gat-
tolliat & Staniczek 2011). In the Palaearctic the genus 
Baetis Leach, 1815 colonizes a wide range of habitats and 
diversified to 84 species. It is scarcer and less diversified 
in the Afrotropical region, except in South Africa where 
Baetis harrisoni Barnard, 1932 is widely distributed and 
potentially represents a complex of species (Pereira-Da-
Conceicoa et al. 2012). The systematics of this genus is 
still being studied and subject to debate. In the western 
Palearctic, Baetis was divided into eleven species groups 
comprising 26 species (Müller-Liebenau 1969), and 
some of the species groups are now considered as true 
genera, while others are treated as subgenera (Fujitani et 
al. 2003; Sroka 2012). Based on the latest systematics, 
the species originally described as the rhodani species 
group sensu Müller-Liebenau (1969) are now placed 
in the subgenus Rhodobaetis Jacob, 2003 (Jacob 2003; 
Godunko et al. 2004; Sroka et al. 2012b; Godunko et al. 
2015). Apomorphies of the subgenus Rhodobaetis were 
first defined by Jacob (2003) who considered the pres-
ence of spatulas on tergites as well the peculiar posterior 
margins of abdominal tergites as the unique characters 
to define the subgenus Rhodobaetis at the larval stage. 
Godunko et al. (2004) compiled a list of nineteen lar-
val and seven imaginal characters to distinguish the West 
Palaearctic species (Table 1). This set of characters was 
subsequently used to describe or re-describe species in 
Eastern Europe, Central Asia and North Africa (Beke-

tov & Godunko 2005; Soldán et al. 2005; Soldán & 
Godunko 2006; Gattolliat et al. 2008; Gattolliat & 
Sartori 2008; Soldan & Godunko 2008; Sroka et al. 
2012a). Moreover, Godunko et al. (2004) completed the 
subgeneric diagnosis by adding the shape of spatulas as 
well as their presence also on antennal segments (mainly 
on the pedicel), upper face of femora and paraproct as 
diagnostic characters. Furthermore, species attributed to 
Rhodobaetis often possess spines on the margins of gills 
(Gattolliat & Sartori 2008). This character is sufficient 
to indicate subgeneric placement but is not fully conclu-
sive as some species, including B. canariensis, do not 
possess such spines (Müller-Liebenau 1971).
	 The subgenus Rhodobaetis presently encompasses 
about 40 species with a presumably highest diversity in 
Central Asia (Godunko et al. 2004, 2015). Its diversity 
in Central and Western Europe is likely higher than pre-
viously thought as genetic studies revealed a number of 
distinct evolutionary lineages that might correspond to 
different species (Williams et al. 2006; Lucentini et al. 
2011; Sroka 2012; Gattolliat et al. 2015; Bisconti et al. 
2016). 
	 The genus Baetis is known from the Canary Islands 
since the end of the 19th century where supposedly the 
same species as in continental Europe, Baetis (Rhodo­
baetis) rhodani (Pictet, 1843) was reported (Eaton 1871; 
McLachlan 1882; Brauer 1900). One Canarian lineage 
was subsequently described as Baetis nigrescens Navás, 
1931, the first species of the genus associated with the 
Canary Islands (Navás 1931). This species was later on 
assigned to the lutheri species group (Müller-Liebenau 
1969) and reported from the Iberian Peninsula and Al-
geria (Müller-Liebenau 1971, 1974). Müller-Liebenau 
(1971) comprehensively investigated the Canarian may-
fly fauna based on material she collected in the years 
1966 and 1968. She confirmed the presence of B. ni­
grescens on Gran Canaria and reported the species also 
from La Gomera. Besides this, she demonstrated that 
specimens of the rhodani group from the Canary Islands 

Fig. 1. Overview of the Canary Islands, including the islands with 
running waters. Their colors are also used in Fig. 2.
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not only differ morphologically from the continental 
specimens, but rather represent two distinct species that 
she described as B. canariensis Müller-Liebenau, 1971 
and B. pseudorhodani Müller-Liebenau, 1971. Baetis 
canariensis was later reported from Gran Canaria, La 
Gomera, La Palma and Tenerife (Alba-Tercedor et al. 
1987).
	 Recently, a study of the diversity and evolutionary 
history of the Baetis species on Madeira and the Canary 
Islands was undertaken using a molecular phylogenetic 
approach (Rutschmann et al. 2014). Therein, genetic 
evidence, i.e. species hypotheses inferred using the Gen-
eralized Mixed Yule Coalescent (GMYC) model analy-
sis (Pons et al. 2006; Fujisawa & Barraclough 2013), 
indicated the presence of seven distinct taxa within the 
subgenus Rhodobaetis, four of them corresponding to the 
concept of B. canariensis sensu Müller-Liebenau (1971) 
(hereafter B. canariensis s.l.) and three to B. pseudo­
rhodani sensu Müller-Liebenau (1971). Moreover, each 
of the four delimited lineages within B. canariensis s.l. 
seemed to be confined to a single island. A preliminary 
morphological analysis based on the characters proposed 
by Godunko et al. (2004) corroborated differentiation be-
tween the lineages but no formal description or even dia
gnosis was proposed in the previous study (Rutschmann 
et al. 2014).
	 To fill this gap, we present herein an integrative taxo-
nomic framework of B. canariensis s.l. In particular, we 
propose species hypotheses, including tree-based and 
distance-based species delimitation methods in combi-
nation with a new morphological diagnosis. Further, we 
describe three new endemic species. Thus, we perform a 
rare out-of-the-dark integrative species description, fol-
lowing previous molecular delimitation of evolutionary 
lineages (Pante et al. 2015). The four species share a set 
of distinctive characters such as the strong reduction of 
the first pair of gills, the absence of spines on the margin 
of all gills, and a rather uniform colouration especially of 
the abdominal tergites (Müller-Liebenau 1971). 

2. 	 Material and methods

Rhodobaetis individuals were collected from larval 
aquatic habitats using kick-samples on the islands of 
Tenerife, Gran Canaria, La Palma, and La Gomera in 
March 2007, March 2008, January 2009 and March 2014 
(Fig.1; see also Rutschmann et al. 2014). Samples were 
preserved in 99% ethanol in the field and stored at 4°C in 
the laboratory until further study. For molecular analyses, 
DNA was extracted from a total of 101 whole specimens, 
using the NucleoSpin® 96 (Macherey-Nagel, Düren, 
Germany) tissue kit. Digestion with protein kinase K was 
performed overnight and the voucher material (i.e., re-
mains of the exoskeleton) were collected before proceed-
ing with the DNA extraction and stored in 75% ethanol 
for morphological analyses.

	 We analysed the DNA barcoding gene cytochrome c 
oxidase subunit 1 (cox1). Standard polymerase chain re-
actions (PCR) amplifications were performed with the 
primer pair LCO1490 + HCO2198 (Folmer et al. 1994). 
The PCR products were custom-purified and sequenced 
at Macrogen (Amsterdam, The Netherlands). Forward 
and reverse sequences were assembled and edited us-
ing Geneious R7 v.7.1.3 (Biomatters Ltd.). Multiple se-
quence alignment was performed with MAFFT v.7.050b 
(L-INS-i algorithm; Katoh & Standley 2013). The 
alignment was checked for the occurrence of stop codons 
and indels using Mesquite v.2.75 (Maddison & Maddi-
son 2011). Identical haplotypes were removed using col-
lapsetypes_v4.5.pl (Chesters 2013).
	 In order to provide a comprehensive taxon sampling 
for the species delimitation, we analysed cox1 sequences 
from 274 specimens. We included available Rhodobae­
tis specimens from Macaronesia (i.e., B. enigmaticus, 
B. pseudorhodani; Rutschmann et al. 2014), and from 
neighbouring geographical areas (i.e., B. ingridae). In 
addition, we included specimens of the subgenus Rho­
dobaetis from the European and African mainland since 
the taxonomic status of this species is unclear (but see 
Gattolliat & Sartori 2008, and above), including sev-
eral recently delimited putative species (Rutschmann et 
al. 2014; Bisconti et al. 2016). In detail, we thus used 
73 newly sequenced B. canariensis s.l. and B. pseudor­
hodani s.l. specimens from the Canary Islands (GenBank 
acc. nos. MH940352 – MH940415), 26 specimens from 
Algeria (GenBank acc. nos. MH940326 – MH940351), 
and two specimens from Corsica (GenBank acc. nos. 
MH976799 – MH976800). Additionally, we included 
41 specimens from Rutschmann et al. (2014), and 131 
specimens from Williams et al. (2006), Lucentini et al. 
(2011), and Sroka (2012). As an outgroup, we included 
the damselfly Euphaea formosa (NC014493).
	 Species hypotheses were proposed based primarily on 
the GMYC (Pons et al. 2006; Fujisawa & Barraclough 
2013) model as has been applied for mayflies in previous 
studies (e.g., Vuataz et al. 2011, 2013; Rutschmann et 
al. 2014) and shows complete congruence with nuclear 
markers in Baetidae (Monaghan et al. 2009; Rutschmann 
et al. 2017). We used an ultrametric gene tree as input, 
reconstructed using the methods of Rutschmann et al. 
(2014) except that we used BEAST v2.4 (Bouckaert 
et al. 2014) and applied an HKY + Γ model of evolu-
tion on each codon position. We ran three inferences, 
whereby all runs converged and all parameters reached 
effective sample sizes > 300. Single-threshold GMYC 
analysis was conducted based on the resulting tree using 
the Splits package (http://r-forge.r-project.org/projects/
splits/; Ezard et al. 2014) for R v.3.3.2 (R Core Team 
2016). We used the single-threshold GMYC model as it 
has been found to outperform the multi-threshold version 
(Esselstyn et al. 2012; Fujisawa & Barraclough 2013; 
Talavera et al. 2013).
	 For comparison, we also used the species delimita-
tion methods PTP (Poisson Tree Processes; Zhang et al. 
2013) and ABGD (Automatic Barcode Gap Discovery; 
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Puillandre et al. 2012). The input tree used for PTP 
was a gene tree inferred with raxml-ng v.0.5.1b (https://
github.com/amkozlov/raxml-ng; Kozlov 2017) using ten  
random starting trees, 100 bootstrap replicates, and a GTR 
+ Γ model. We used the single PTP method with default 
settings (i.e., p-value 0,001) as available on the webserv-
er (http://mptp.h-its.org/#/tree; accessed on 22.iv.2018). 
The ABGD method was performed on the webserver 
(http://wwwabi.snv.jussieu.fr/public/abgd/abgdweb. 
html; accessed on 22.iv.2018) using as input the multi-
ple sequence alignment of the unique haplotypes (see 
above), default values for the prior intraspecific diver-
gences, relative gap width, distance distribution, and a 
Jukes-Cantor (JC69) model. We used the distance met-
ric JC69 as this was previously found to produce more 
conservative species hypotheses (Kekkonen & Herbert 
2014; Kekkonen et al. 2015).
	 Morphological analyses were performed on all the 
vouchers derived from specimens used for DNA extrac-
tion. All specimens were dissected and entirely mounted 
on slides in Euparal medium. Drawings and pictures 
of body parts were made using an Olympus BX51 ste-
reoscopic microscope with a camera lucida or a digital 
camera Olympus SC50. Extended-depth-of-focus imag-
es were obtained using the software Stream Basic1.9.4. 
Photographs of the whole larval body were taken with 
the Visionary LK system (Dun., Inc., USA). Pictures 
and drawings were subsequently enhanced with Adobe 
Photoshop™CC2015. 
	 The morphological terminology used in the descrip-
tion follows Godunko et al. (2004, 2015) and Gattol-
liat & Sartori (2008). The use of the term “spatulas” is 
restricted to setae exclusive to the subgenus Rhodobaetis 
(fig. 22 in Godunko et. 2004; figs. 12 – 14 in Gattolliat 
& Sartori 2008). Scales cover most of the body of Rho­
dobaetis species. They are generally no longer visible 

(mainly detached form the body) in Canadian balsam and 
other mounting liquid, and are best seen on dry slides 
of the empty cuticle (Kluge et al. 2018). Often only the 
scale bases remain visible, the shape of which are of tax-
onomic importance (fig. 22 in Godunko et al. 2004). The 
right and left mandibles possess two sets of incisors: the 
outer set has a lateral position while the inner set has a 
medial position; the two sets are almost completely fused 
in the left mandible. Teeth of incisors are counted from 
outside to inside (lateral to medial) for both mandibles. 
The spines on the costal margin of gills are present in 
almost all the species of the subgenus; their shape, colour 
and abundance are also of taxonomic importance (fig. 17 
in Gattolliat & Sartori 2008). The lateral extension of 
the paraproct is often called cercotractor. The leg orien-
tation follows the attempt of Hubbard (1995: fig. 2) to 
standardize the description of mayflies. 
	 The holotypes and parts of the paratype series of the 
new species are housed in the Museum of Zoology, Laus-
anne, Switzerland (MZL). Additional paratypes are de-
posited in the Museum für Naturkunde, Berlin, Germany 
(MFN).

3. 	 Results

3.1. 	Molecular reconstruction 

The results from the three species delimitation methods 
we used were very similar, ranging from 27 to 31 putative 
species based on the analysis of 167 unique cox1-haplo-
types. The GMYC model (χ2: 52.51, P < 0.001) delineat-
ed 27 species hypotheses for Rhodobaetis, consisting of 
19 distinct clusters and eight singletons (Figs. 2, 3). The 

Fig. 2. Molecular species delimitation of the Canarian and Madeiran representatives of the Rhodobaetis group (i.e., B. pseudorhodani s.l. 
and B. canariensis s.l.), using the Generalized Mixed Yule Coalescent (GMYC, Fujisawa & Barraclough 2013), Poisson Tree Processes 
(PTP, Zhang et al (2013)), and Automatic Barcode Gap Discovery (ABGD, Puillandre et al. (2012)). The phylogenetic tree shows the 
topology of the cox1 gene tree used for the GMYC method. Filled circles indicate well-supported nodes (Bayesian posterior probability 
≥ 0.95). Terminal labels represent unique haplotypes, indicating sampling sites, sample voucher, and morphological assignment. B. pseudo­
rhodani species hypotheses are indicated after Rutschmann et al. (2014) as sp3, sp4.
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Fig. 3. Molecular species delimitation of the European 
and North African representatives of the Rhodobaetis 
group (i.e., B. ingridae s.l. and B. rhodani s.l.), using 
the Generalized Mixed Yule Coalescent (GMYC, Fuji
sawa & Barraclough 2013), Poisson Tree Processes 
(PTP, Zhang et al 2013), and Automatic Barcode Gap 
Discovery (ABGD, Puillandre et al. 2012). The phy-
logenetic tree shows the topology of the cox1 gene tree 
used for the GMYC method. Filled circles indicate well-
supported nodes (Bayesian posterior probability ≥ 0.95). 
Previously identified clusters (I – VII from William et al. 
2006; G1 – G11 from Lucentini et al. 2011) are indicated 
on the tree. Terminal labels represent unique haplotypes. 
Geographical origins of the specimens were taken from 
Williams et al. (2006), Lucentini et al. (2011), Sroka 
(2012), and Rutschmann et al. (2014). Newly recovered 
geographical origins are indicated in bold.
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95% confidence interval (CI, defined as 2 log likelihood 
units) ranged from 27 to 31 species hypotheses. The PTP 
model recovered 31 species hypotheses, including a best 
score coalescent rate of 903.75 and the ABGD method 
supported 29 species hypotheses (Figs. 2, 3).
	 On the Canary Islands, the molecular species assign-
ment suggested between six and eight Rhodobaetis spe-
cies hypotheses, including three (GMYC), four (ABGD), 
and five (PTP) species hypotheses for B. canariensis s.l., 
and three species hypotheses (GMYC, PTP, ABGD) for 
B. pseudorhodani s.l. (Fig. 2). Within B. canariensis s.l., 
PTP and ABGD supported two distinct species hypothe
ses for B. tenerifensis, comprising a singleton from the 
northern part of the island (i.e., Anaga), and a cluster 
from the southern part (i.e., Adeje and Vilaflor). PTP re-
covered B. gomerensis and B. palmensis as distinct sin-
gletons whereas the two other models (GMYC, ABGD) 
recovered them as a single species hypothesis.
	 All species delimitation methods recovered one en-
demic species hypothesis on Madeira (B. enigmaticus) 
and two endemic species hypotheses on Corsica (i.e., 
three specimens of B. ingridae that were recovered as 
two distinct species hypotheses). Baetis rhodani s.l. was 
split up by the different species delimitation methods 

into 18 (GMYC, 95% CI 18 – 21) or 19 (PTP, ABGD) 
species hypotheses (Fig. 3). Our analysis recovered all 
clades previously defined by Williams et al. (2006) (i.e., 
I – VII) and Lucentini et al. (2011) (i.e., G1 – G11). Ad-
ditionally, we recovered two species hypotheses for the 
clades G3 (ABGD), G7 (ABGD), G10/V (ABGD), and 
G11/VI (GMYC, PTP), and three species hypotheses for 
the clades G4/VI (GMYC) and G5/III (PTP).

3.2. 	 Systematics

3.2.1. 	Baetis (Rhodobaetis) gomerensis Gattolliat 
	 & Sartori, n.sp.

Description of larva. Male larva length: body 5.1 – 
5.4 mm; cerci broken but > 3.5 mm. In smaller speci
mens cerci slightly shorter than body and median caudal 
filament length less than half of cerci length. Female lar­
va length: body 4.8 – 7.3 mm; cerci broken but > 4.5 mm. 
In smaller specimens cerci slightly shorter than body 
and median caudal filament length less than half of cerci 
length. Colouration (in pure alcohol) (Fig. 4A): Head 
medium brown except dark brown between ocelli and 

Fig. 4. Habitus of Baetis (Rhodo­
baetis) canariensis s.l. A: Baetis 
(Rhodobaetis) gomerensis n.sp. 
B: Baetis (Rhodobaetis) palmen­
sis n.sp. C: Baetis (Rhodobaetis) 
tenerifensis n.sp. D: Baetis (Rho­
dobaetis) canariensis s.s.
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yellow under central ocelli; turbinate eyes orange brown; 
antennae yellow. Prothorax medium brown almost with-
out clear pattern; meso- and metathorax medium brown, 
darker along main sutures. Legs: femora light brown 
with a proximal yellow mark, tibiae light brown except 
yellow around tibio-patellar suture, tarsi and claws light 
brown. Terga (Fig. 4A) light brown darker distally with 
generally two symmetrical brown dark brown spots; no 
pattern and no terga darker or lighter than other. Sterna 
I – V yellow without pattern; sterna VI – IX light brown 
without pattern. Cerci light brown without annulations 
or stripes.
	 Head: Antenna: scape with scale bases and a few 
spatulas. Pedicel with scale bases and 12 – 14 spatulas 
near distal margin. Labrum (Fig. 5A) rounded with distal 
margin somewhat straight, width/length ratio 1.51 – 1.58; 

dorsal face of labrum covered with scale bases, with an 
arc subparallel to distal margin formed by 1 + 6 – 8 long 
and stout setae, roughly arranged in 1 row, short and fin 
setae scattered on surface; distal margins bordered with 
long and feathered setae. Hypopharynx (Fig. 5B) with 
simple lingua covered distally with small thin setae, lin-
gua without clear mark; superlingua as long as lingua. 
Right mandible (Fig. 5C) outer set with outer tooth as 
broad as the 2 smaller teeth combined (Fig. 7A), inner 
set with 4 teeth, second tooth bigger than others, inner 
margin slightly crenulate; row of thin setae on outer 
margin of outer of set absent; prostheca elongated and 
slender with thin setae on inner margin distally; no se-
tae between prostheca and mola; apex of mola (= most 
distal portion of mola) with a brush of abundant setae: 
proximal half of mandible with thin setae and abundant 

Fig. 5. Mouthparts of Baetis (Rho­
dobaetis) gomerensis n.sp. A: la
brum; left: ventral view; right: 
dorsal view. B: hypopharynx. C: 
right mandible. D: left mandibu-
lar. E: right maxilla. F: labium; 
left: dorsal view; right: ventral 
view. G: foreleg.
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scale bases. Left mandible (Fig. 5D) with 6 main teeth 
and 1 additional smaller tooth, outer tooth as broad as 
the 2 following combined; prostheca with 4 – 5 denti-
cles and an elongated comb-shaped structure; no setae 
between prostheca and mola; no setae at apex of mola; 
proximal half of mandible with thin setae and abundant 
scale bases. Maxillae (Fig. 5E) with 4 short teeth, none of 
them opposed to others; apico-medially with one row of 
medium setae ending to 7 – 10 long simple setae, second 
row compound of 2 spine-like bifid dentisetae and 6 – 8 
long setae, base of lacinia with a row of 6 – 8 long setae; 
palp 2-segmented, shorter than galea-lacinia, segment I 
slightly shorter than segment II, segment II with short 
rounded projection and a small scale at tip, segments I 
and II with scattered thin setae. Labium (Fig. 5F) with 
glossae clearly shorter than paraglossae; glossae triangu-
lar with broad base, inner margin and distal half of outer 
margin with long setae, dorsal face with a few scattered 
short thin setae and a single long seta medially; apex of 

paraglossae with three rows of long curved feathered se-
tae and a single very stout setae distoventrally, ventral 
face with 1 row of 4 long setae, dorsal face with 2 long 
thin setae distally (Fig. 6A); labial palp 3-segmented 
(Figs. 5F, 8A); segment I slightly shorter than segments 
II and III combined; segment II slightly expanded apico-
laterally, with 7 – 12 medium setae, arranged in longitu-
dinal row in some specimens; segment III conical and 
asymmetrical, almost as broad as long, inner margin con-
vex, with scattered stout setae (Fig. 8A).
	 Thorax: Forelegs (Fig. 5G) completely covered with 
scale bases; dorsal margin of femora with medium api-
cally rounded setae (Fig. 9A), abundant proximally and 
more scarce distally; short and stout setae scattered close 
to dorsal margin but not arranged in row; dorsoapical se-
tal patch formed by 2 pointed setae, apex with several 
short setae; ventral margin with abundant scattered short 
and stout setae, villopore strongly reduced to a few min-
ute setae (Fig. 6C); lateral surface with scattered short se-

Fig. 6. Diagnostic features of Bae­
tis (Rhodobaetis) gomerensis n.sp. 
A: glossa and paraglossa. B: claw. 
C: forefemora: ventral margin 
proximally (black arrow: villo-
pore). D: apical margin of gill IV. 
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tae. Tibiae dorsally with a row of minute setae and lack-
ing short thin setae; ventrally and laterally with medium 
stout setae, more abundant proximally to tibio-patellar 
suture. Tarsi dorsally with a few short setae, without thin 
setae; ventrally with a row of 13 – 15 short to medium 
pointed setae and a few additional short pointed setae; 
claws (Fig. 6B) hooked, with 1 row of 10 – 12 acute teeth 
increasing in length toward the apex; subapical setae ab-
sent but setal bases visible.
	 Abdomen: Tergites (Fig. 10A) slightly shagreened 
and covered with scale bases; spatulas rare limited to 
posterior margin or close to posterior margin on tergites 
I – II, abundant on tergites III – VI, very abundant on ter-
gites VII – IX; posterior margin of tergites I smooth, tri-
angular spines limited to lateral portion on tergites II and 
III, spines present but sometimes variable size on tergites 
IV and V, abundant on tergites VI – IX. Lateral margin of 
segments III – IX with short lanceolate spines (Fig. 11A). 
Sternites with scale bases; spatulas absent on sternites 
I – IV, rare on sternites V and VI, abundant on sternites 
VII – IX; posterior margin smooth with few spatulas and 
friction structures laterally, without spines (Fig. 11A). 
Gills (Fig. 12A): ochre, margins brown; costal and anal 
margins with double crenation, lacking spines (Fig. 6D); 
scale bases closed to margins. Gill I extremely reduced, 
0.2 × gill IV, without tracheation. Gill II slightly reduced, 
0.7 × gill IV, almost symmetrical with a central trachea-
tion. Gills III – VII relatively slender (2.1 × longer than 
broad), secondary tracheation poorly developed. Parap-
roct (Fig. 13A) with abundant scale bases and a few thin 
setae, 9 – 13 lanceolate spatulas of various sizes mainly 
present near posterior margin; margin with 15 – 20 spines 
much smaller laterally; postero-lateral extension (cer-
cotractor) with scale bases on apical half, margin with 
20 – 25 irregular medium spines. Cerci with patch of thin 
setae on inner margins, distal half covered with scale 
bases, posterior margin with triangular spines; median 
caudal filament similar to cerci except a patch of setae 
present on both sides.

Differential diagnosis. Gill I extremely reduced, Gills 
II – VII elongated slender with well-visible simple cen-
tral tracheation almost without distinct ramification 
(Fig. 12A). Right mandible (Figs. 5C, 7A) with outer 
tooth as broad as other teeth of outer set combined. 
Segment III of labial palp (Fig. 8A) almost as broad as 
long, asymmetrical (inner margin more convex). Dorsal 
margin of femora (Fig. 9A) with apically rounded setae. 
Tergites VII – IX with abundant spatulas, posterior mar-
gin with triangular spines; sternite IX (Fig. 11A) with 
abundant spatulas on surface and along posterior margin. 
Paraproct (Fig. 13D) with restricted number of spatulas, 
spines along margin of cercotractor only slightly smaller 
than those of paraproct. The distribution should be also 
considered as a relevant character to identify the species, 
as B. gomerensis is only known from La Gomera.

Derivatio nominis. This species is named after La Go
mera, from where the species was collected.

Material examined. Holotype: One female larva (GBIF-
CH00280786); La Gomera (GM1E); Parque National de Garajo-
nay, Barranco del Cedro, El Cedro; Coord. 28.13556/ – 17.21435; 
Alt. 822 m; 08.III.2014; Leg. S. Rutschmann & H. Detering. 
(MZL) — Paratypes: 20 larvae (GBIFCH00280829); La Gomera 
(GM1E); same data as holotype. (MFN). 22 larvae in ethanol 
(GBIFCH00280782) and 2 larvae on slides (GBIFCH00465072; 
GBIFCH00465073); La Gomera (GM1B); Parque National de Ga-
rajonay, Barranco del Cedro, El Cedro; Coord. 28.127/ – 17.221; 
Alt. 900 m; 07.III.2014; Leg. S. Rutschmann & H. Detering. 
(MZL). 13 larvae; La Gomera (GM1C); Parque National de Gara-
jonay, Barranco del Cedro, El Cedro; Coord. 28.12961/ – 17.22019; 
Alt. 920 m; 07.III.2014; Leg. S. Rutschmann & H. Detering. 
(MFN). 16 larvae in ethanol (GBIFCH00280783) and 2 larvae 
on slides (GBIFCH00465074; GBIFCH00465075); La Gomera 
(GM1D); Parque National de Garajonay, Barranco del Cedro, El 
Cedro, artificial channel; Coord. 28.13011/ – 17.21953; Alt. 920 
m; 07.III.2014; Leg. S. Rutschmann & H. Detering. (MZL). 4 lar-
vae in ethanol (GBIFCH00280829) and 2 larvae on slides (GBIF-
CH00465076; GBIFCH00465077); La Gomera (GM1F) Parque 
National de Garajonay, Barranco del Cedro, El Cedro; Coord. 
28.12603/ – 17.22081; Alt. 906 m; 08.III.2014; Leg. S. Rutschmann 
& H. Detering. (MZL). 19 larvae in ethanol (GBIFCH00280852) 
and 1 larva on slide (GBIFCH00465079); La Gomera (GM2); 
Parque National de Garajonay, Barranco del Cedro, El Cedro; Co-
ord. 28.12695/ – 17.22070; Alt. 907 m; 12.III.2008; Leg. M. Sartori 
& P. Derleth. (MZL). 15 larvae in ethanol (GBIFCH00280828) 
and 2 larvae on slides (GBIFCH00465080; GBIFCH00465081); 
La Gomera (GM3); Parque National de Garajonay, Barranco de 
Monteforte, Emerita de Nuestra Señora de Guadalupe; Coord. 
28.12882/ – 17.20936; Alt. 686 m; 07.III.2014; Leg. S. Rutschmann 
& H. Detering. (MZL). 2 larvae on slides (GBIFCH00465082; 
GBIFCH00465083); La Gomera (GM6); Barranco de Arure, El 
Guro; Coord. 28.10682/ – 17.326; Alt. 173 m; 08.III.2014; Leg. S. 
Rutschmann & H. Detering. (MZL).

3.2.2.	 Baetis (Rhodobaetis) palmensis Gattolliat & 
	 Sartori, n.sp.

Description of larva. Male larva length: body 6.2 – 
6.8 mm; cerci 4.5 – 4.7 mm; median caudal filament 2.4 – 
2.7 mm. Female larva length: body 6.5 – 8.2 mm; cerci 
4.5 – 5.5 mm; median caudal filament 2.9 – 3.1 mm. Co­
louration (in pure alcohol) (Fig. 4B): Similar to B. go­
merensis.
	 Head: Antenna: scape with scale bases and a few thin 
setae. Pedicel with scale bases and 7 – 9 spatulas. Labrum 
(as in Fig. 5A) width/length ratio 1.55 – 1.65; dorsal face 
of labrum with an arc subparallel to distal margin formed 
by 1 + 6 – 7 long stout setae arranged in 1 row, short thin 
setae scattered proximally; distal margins bordered with 
long and feathered setae. Hypopharynx as in B. gomer­
ensis (Fig. 5B). Right mandible (Fig. 7B) outer set with 
outer tooth as broad as the 2 smaller teeth combined, in-
ner set with 4 teeth, second tooth bigger than others, inner 
margin slightly crenulate; other characters as in Fig. 5C. 
Left mandible with 6 main teeth and 2 additional smaller 
teeth, outer tooth as broad as the two following combined; 
other characters as in Fig. 5D. Maxillae as in B. gomer­
ensis (Fig. 5E). Labium with glossae and paraglossae as 
in B. gomerensis (Fig. 6A); labial palp segment I slightly 
shorter than segments II and III combined; segment II 
slightly expanded apico-laterally, with an oblique row of 
6 – 7 medium setae; segment III slender, conical, almost 
symmetrical, longer than broad, with scattered stout setae 
(Fig. 8B).



Gattolliat et al.: New species of Baetis from Canary Islands

518

	 Thorax: Forelegs completely covered with scale bas-
es. Dorsal margin of femora with medium apically blunt 
setae (Fig. 9B); abundant proximally and more scarce 
distally; short stout setae scattered close to dorsal margin 
but not arranged in row; dorsoapical setal patch formed 
by 2 medium apically blunt setae, several short setae dis-
tally; ventral margin with scattered short stout pointed 
setae, villopore reduced to a patch of 6 – 8 thin setae; 
lateral surface with scattered short setae. Tibiae dorsally 
with a row of minute setae lacking short thin setae; ven-
trally and laterally with medium stout setae, more abun-
dant proximally near tibio-patellar suture. Tarsi dorsally 
with a few short setae but without thin setae; ventrally 
with a row of about 15 short to medium pointed setae and 
a few additional short pointed setae; claws as in B. gome­
rensis (Fig. 6B).
	 Abdomen: Tergites (Fig. 10B) shagreened and cov-
ered with scale bases; spatulas rare, limited to posterior 
margin or close to posterior margin, slightly more abun-
dant on tergites VII – IX; posterior margin of tergites I 
smooth, triangular spines limited to lateral portion on ter-
gites II and III, spines present but still irregular on tergite 
IV, abundant and generally pentagonal on tergites V – IX. 
Lateral margin of segments III – IX with medium lanceo-
late spatulas. Sterna with scale bases; spatulas absent on 

sternites I – IV, rare on sternites V and VI, abundant on 
tergites VII – IX; posterior margin of sternites I – VIII 
smooth without spatulas and spines, with friction struc-
tures laterally; posterior margin of sternite IX (Fig. 11B) 
with a few irregular triangular spines. Gills (Fig. 12B): 
ochre, margins brown; costal and anal margins with 
double crenation, lacking spines (as in B. gomerensis 
(Fig. 6D)); scale bases closed to margins. Gill I much re-
duced, 0.3 × gill IV, without tracheation. Gill II slightly 
reduced, 0.8 × gill IV, almost symmetrical with a central 
tracheation with abundant ramifications. Gills III – VII 
relatively broad (twice longer than broad), secondary tra-
cheation well developed. Paraproct (Fig. 13B) with scale 
bases and a few thin setae, 4 – 6 lanceolate spatulas main-
ly present near posterior margin (rarely 7 – 8); margin 
with 17 – 25 spines; postero-lateral extension (cercotrac-
tor) with a few scale bases, margin with 15 – 25 irregular 
spines, central spines generally broad. Cerci and median 
caudal filament as in B. gomerensis.

Differential diagnosis. Gill I much reduced, Gills II – VII 
asymmetrical with a central tracheation well divided 
(Fig. 12B). Right mandible with outer tooth incurved, 
as broad as other teeth of outer set combined (Fig. 7B). 
Segment III of labial palp (Fig. 8B) slender, symmetri-

Fig. 7. Canines of right mandible 
of Baetis (Rhodobaetis) canarien­
sis s.l. A: Baetis (Rhodobaetis) go­
merensis n.sp. B: Baetis (Rhodo­
baetis) palmensis n.sp. C: Baetis  
(Rhodobaetis) tenerifensis n.sp. D: 
Baetis (Rhodobaetis) tenerifensis 
n.sp. (specimen ready to moult). 
E: Baetis (Rhodobaetis) canarien­
sis s.s. 
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cal, apical nipple well marked. Dorsal margin of femora 
(Fig. 9B) with apically blunt setae. Tergites VII – IX with 
scarce spatulas, posterior margin with pentagonal spines; 
sternite IX (Fig. 11B) with abundant spatulas on surface, 
posterior margin with a few triangular spines. Paraproct 
(Fig. 13B) with a few spatulas, cercotractor with relative-
ly broad spines medially. The distribution should be also 
considered as a relevant character to identify the species, 
as B. palmensis is only known from La Palma.

Derivatio nominis. This species is named after La Pal-
ma, from where the species was collected.

Material examined. Holotype: One female larva (GBIF-
CH00280779); La Palma (LP1B); Parque National de la Caldera 
de Taburiente, Barranco de Las Anguistas, confluence Río Taburi-
ente; Coord. 28.72455/ – 17.876; Alt. 771 m; 10.III.2014; Leg. 
S. Rutschmann & H. Detering. (MZL). — Paratypes: 26 larvae 
in ethanol (GBIFCH00280780), 32 larvae in ethanol and 4 lar-
vae on slides (GBIFCH00465089; GBIFCH00465090; GBIF-
CH00465091; GBIFCH00465092); same data as holotype. (MFN 
+ MZL). 16 larvae in ethanol (GBIFCH00280824) and 2 larvae on 
slides (GBIFCH00465087; GBIFCH00465088); La Palma (LP1); 
Parque Nacional de la Caldera de Taburiente, Río Taburiente; Co-
ord. 28.728611/ – 17.873333; Alt. 800 m; 29.I.2009; Leg. M. Sar-
tori & M. Báez. (MZL). 30 larvae in ethanol (GBIFCH00280784) 
and 1 larva on slide (GBIFCH00465093); La Palma (LP2); Parque 
Nacional de la Caldera de Taburiente, Río Taburiente (above con-
fluence); Coord. 28.730833/ – 17.871111; Alt. 810 m; 29.I.2009; 
Leg. M. Sartori & M. Báez. (MZL). 10 larvae in ethanol (GBIF-
CH00280831), 15 larvae in ethanol and 4 larvae on slides (GBIF-
CH00465094; GBIFCH00465095; GBIFCH00465096; GBIF-
CH00465097); La Palma (LP2B); Parque National de la Caldera 
de Taburiente, Barranco del Ciempiés; Coord. 28.715/ – 17.901; 
Alt. 1040 m; 10.III.2014; Leg. S. Rutschmann & H. Detering. 
(MFN + MZL). 30 larvae in ethanol (GBIFCH00280827) and 3 
larvae on slides (GBIFCH00465098; GBIFCH00465099; GBIF-
CH00465100); La Palma (LP3); Barranco del Cempiés, Breitos; 
Coord. 28.716111/ – 17.901388; Alt. 1040 m; 29.I.2009; Leg. M. 
Sartori & M. Báez. (MZL). — Other material: One female imago 
(GBIFCH00280781), La Palma (LP1B); Parque National de la Cal-
dera de Taburiente, Barranco de Las Anguistas, afluente Río Tabur-
iente; Coord. 28.72455/ – 17.876; Alt. 771 m; 10.III.2014; Leg. S. 
Rutschmann & H. Detering. (MZL)

3.2.3. 	Baetis (Rhodobaetis) tenerifensis Gattolliat & 
	 Sartori, n.sp. 

Description of larva. Male larva length: body 6.1 – 
6.6 mm; cerci broken; median caudal filament broken, > 
4.5 mm. Female larva length: body 6.7 – 9.1 mm; cerci 
broken; median caudal filament 3.1 – 3.5 mm. Coloura­
tion (in pure alcohol) (Fig. 4C): Similar to B. gomerensis.
	 Head: Antenna: scape with scale bases and a few 
thin setae. Pedicel with scale bases and 10 – 14 spatulas. 
Labrum width/length ratio 1.43 – 1.50; dorsal face of la-
brum with an arc subparallel to distal margin formed by 
1 + 5 – 6 long stout setae arranged in 1 row, few short fin 
setae scattered proximally; distal margins bordered with 
long and feathered setae. Hypopharynx as in B. gome­
rensis (Fig. 5B). Right mandible: outer set with outer 
tooth broader than the 2 smaller teeth combined, inner 
incisor with 4 teeth, second tooth bigger than others, in-
ner margin slightly crenulate (Fig. 7C,D); other charac-
ters as in as in B. gomerensis. Left mandible with 6 main 

teeth and 2 additional smaller teeth, outer tooth broader 
than the two following combined; other characters as in 
B. gomerensis. Maxillae as in B. gomerensis (Fig. 5E). 
Labium with glossae and paraglossae as in B. gomerensis 
(Fig. 6A); labial palp segment I shorter than segments II 
and III combined; segment II slightly expanded apico-
laterally, with an oblique row of 6 – 9 medium setae; 
segment III (Fig. 8C) conical, almost symmetrical, inner 
margin almost straight, slightly longer than broad, with 
scattered stout setae and short thin setae.
	 Thorax: Forelegs completely covered with scale bas-
es. Dorsal margin of femora (Fig. 9C) with setae, very 
abundant proximally and more scarce distally, proxi-
mally slender, pointed setae, getting broader and rounder 
to almost spatulated form in distal part of femora; short 
and stout setae scattered close to dorsal margin roughly 
arranged in 2 rows; dorsoapical setal patch formed by 2 
medium apically rounded setae, several short setae dis-
tally; ventral margin with scattered short stout pointed 
setae, villopore reduced to a patch of 6 – 10 thin setae; 
lateral surface with scattered short setae. Tibiae dorsal-
ly with a row of very tiny setae and without short thin 
setae; ventrally and laterally with medium stout setae, 
more abundant proximally to tibio-patellar suture. Tarsi 
dorsally with a few short setae but without thin setae; 
ventrally with a row of about 12 short to medium pointed 
setae and a few additional shorter pointed setae; claws as 
in B. gomerensis (Fig. 6B).
	 Abdomen: Tergites (Fig. 10C) shagreened and cov-
ered with scale bases; spatulas present on posterior mar-
gin of tergites II – IX, posterior margin of tergite I en-
tirely smooth, few triangular spines on tergites II and 
IV, small and slender spines present on tergites V – IX. 
Lateral margin of segments VII – IX with medium lan-
ceolate spatulas. Sternites slightly shagreened with scale 
bases; spatulas absent on sternites I – VI, rare on sternites 
VII, very abundant on sternites VIII – IX; posterior mar-
gin of sternites I – IX smooth without spines (Fig. 11C), 
with friction structures laterally. Gills (Fig. 12C): ochre, 
medially tainted brown, margins brown; costal and anal 
margins with double crenation, lacking spines (as in 
B. gomerensis, Fig. 6D); scale bases closed to margins. 
Gill I reduced, 0.4 × gill IV, with tracheation. Gill II 
slightly reduced, 0.8 × gill IV, almost symmetrical with 
a central tracheation with abundant ramifications. Gills 
III – VII relatively broad, secondary tracheation well de-
veloped. Paraproct (Fig. 13C) with scale bases and thin 
setae, 12 – 15 lanceolate spatulas of various size; margin 
with 19 – 25 spines; postero-lateral extension (cercotrac-
tor) scale bases, margin with 18 – 27 irregular, generally 
broad, long spines (longest spines subegal to spines of 
margin of paraproct). Cerci and median caudal filament 
as in B. gomerensis.

Differential diagnosis. Gill I reduced but with trachea-
tion well visible and ramified. Gills II – VII asymmetri-
cal with distinctly ramified central tracheation, medially 
tainted brown (Fig. 12C). Right and left mandibles with 
outer tooth broader than other teeth of outer set com-
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bined (Fig. 7C,D). Segment III of labial palp almost 
symmetrical (inner margin almost straight) (Fig. 8C). 
Dorsal margin of femora with slender apically pointed 
setae (Fig. 9C). Tergites VII – IX with abundant spatu-
las, posterior margin with triangular spines; sternite IX 
(Fig. 11C) with abundant spatulas on surface and rare or 
absent along posterior margin, posterior margin almost 
without triangular spines. Paraproct (Fig. 13C) with part 
of stout spines of cercotractor almost as long as spines of 
the margin of paraproct. The distribution should be also 
considered as a relevant character to identify the species, 
as B. tenerifensis is only known from Tenerife.

Derivatio nominis. This species is named after Tenerife, 
from where the species was collected.

Material examined. Holotype: One female larva (GBIF-
CH00280787); Tenerife (TF6); Barranco del Río, Vilaflor; Co-
ord. 28.19299/ – 16.57216; Alt. 1428 m; 12.III.2014; Leg. S. 
Rutschmann & H. Detering. (MZL). — Paratypes: 34 larvae 
in ethanol (GBIFCH00280833) and 4 larvae on slides (GBIF-
CH00465112; GBIFCH00465113; GBIFCH00465114; GBIF-
CH00465115); Tenerife (TF6); same data as holotype. (MZL). 1 
larva on slide (GBIFCH00465101); Tenerife (TF1); Barranco de 
Afur, Afur; Coord. 28.555/ – 16.250556; Alt. 170 m; 04.IV.2007; 
Leg. M. Báez. (MZL). 23 larvae in ethanol; Tenerife (TF3B); Bar-
ranco del Infierno, Adeje; Coord. 28.13296/ – 16.7108; Alt. 479 m; 
22.III.2014; Leg. S. Rutschmann, H. Detering & M. Báez. (MFN). 
30 larvae in ethanol and 2 larvae on slides (GBIFCH00465103; 
GBIFCH00465104); Tenerife (TF3C); Barranco del Infierno, Ade-
je; Coord. 28.13741/ – 16.70285; Alt. 571 m; 22.III.2014; Leg. S. 
Rutschmann, H. Detering & M. Báez. (MFN). 35 larvae in ethanol 
(GBIFCH00280788) and 3 larvae on slides (GBIFCH00465105; 
GBIFCH00465106; GBIFCH00465107); Tenerife (TF3D); Bar-
ranco del Infierno, Adeje; Coord. 28.13339/ – 16.70518; Alt. 522 m; 
22.III.2014; Leg. S. Rutschmann, H. Detering & M. Báez. (MZL). 
10 larvae in ethanol (GBIFCH00280832) and 3 larvae on slides 
(GBIFCH00465108; GBIFCH00465109; GBIFCH00465110); 
Tenerife (TF3E); Barranco del Infierno, Adeje, artificial channel; 
Coord. 28.13297/ – 16.71102; Alt. 487 m; 22.III.2014; Leg. S. 

Rutschmann, H. Detering & M. Báez. (MZL). 14 larvae in etha-
nol (GBIFCH00280834) and 1 larva on slide (GBIFCH00465110); 
Tenerife (TF4); Barranco del Infierno, below waterfall; Coord. 
28.136833/ – 16.702724; Alt. 560 m; 22.III.2007; Leg. M. Sartori 
& P. Derleth. (MZL). 31 larvae in ethanol (GBIFCH00280851) and 
1 larva on slide (GBIFCH00465111); Tenerife (TF5); Barranco del 
Infierno, 200 m below waterfall; Coord. 28.135755/ – 16.704559; 
Alt. 540 m; 22.III.2007; Leg. M. Sartori & P. Derleth. (MZL)

3.2.4. 	Baetis (Rhodobaetis) canariensis Müller-
	 Liebenau, 1971

Differential diagnosis. Gill I reduced with tracheation 
well visible but not divided, Gills II – VII almost sym-
metrical with a central tracheation, medially brown 
tainted (Fig. 12D). Right mandible with outer tooth nar-
rower than other teeth of outer set combined (Fig. 7E). 
Segment III of labial palp almost symmetrical (Fig. 8D). 
Dorsal margin of femora (Fig. 9D) with spatulate api-
cally rounded setae. Tergites IV – IX with scarce spatu-
las, posterior margin with pentagonal spines (Fig. 10D); 
sternite IX (Fig. 11D) with scarce spatulas on surface and 
along posterior margin, posterior margin with few spines. 
Paraproct (Fig. 13D) with restricted number of spatulas, 
spines along margin of cercotractor much smaller than 
spines of margin of paraproct. The distribution should be 
also considered as a relevant character to identify the spe-
cies, as B. canariensis is only known from Gran Canaria.

Material examined. Paratypes: 3 larvae; Gran Canaria; Baranco 
de la Mina; Alt. 1150 m; 19. März 1968; Leg. I. Müller-Liebenau. 
(Zoological Museum of Hamburg ZMH). — Other material: 
31 larvae in ethanol (GBIFCH00280805) and 3 larvae on slides 
(GBIFCH00465117; GBIFCH00465118; GBIFCH00465119); 
Gran Canaria (GC1); Barranco de los Cernícalos, Telde; Co-
ord. 27.965/ – 15.496111; Alt. 822 m; 25.I.2009; Leg. M. Sartori 
& M. Báez. (MZL). 1 larva in ethanol (GBIFCH00280848) and 
1 larva on slide (GBIFCH00465120); Gran Canaria (GC2); Bar-
ranco de La Mina, Las Lagunetas; Coord. 28.000833/ – 15.585; Alt. 

Fig. 8. Labial palp of Baetis (Rhodobaetis) canariensis s.l. A: Baetis (Rhodobaetis) gomerensis n.sp. B: Baetis (Rhodobaetis) palmensis 
n.sp. C: Baetis (Rhodobaetis) tenerifensis n.sp. D: Baetis (Rhodobaetis) canariensis s.s.
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1180 m; 25.I.2009; Leg. M. Sartori & M. Báez. (MZL). 1 larva 
in ethanol (GBIFCH00280849); Gran Canaria (GC3); Barranco 
de La Mina, Utiaca; Coord. 28.018056/ – 15.557222; Alt. 790 m; 
25.I.2009; Leg. M. Sartori & M. Báez. (MZL). 20 larvae in etha-
nol (GBIFCH00280806) and 1 larva on slide (GBIFCH00465121); 
Gran Canaria (GC4); Barranco de La Mina, Las Lagunetas; Co-
ord. 27.999444/ – 15.586389; Alt. 1220 m; 26.I.2009; Leg. M. Sar-
tori & M. Báez. (MZL). 1 larva in ethanol and 1 larva on slide 
(GBIFCH00465122); Gran Canaria (GC4B); Barranco de La 
Mina, Las Lagunetas; Coord. 27.99954/ – 15.58643; Alt. 1222 m; 
14.III.2014; Leg. S. Rutschmann & H. Detering. (MFN + MZL). 
12 larvae in ethanol (GBIFCH00280850) and 1 larva on slide 
(GBIFCH00465123); Gran Canaria (GC5B); Barranco de los 
Cernícalos, La Breña; Coord. 27.96419/ – 15.49903; Alt. 837 m; 
15.III.2014; Leg. S. Rutschmann & H. Detering. (MZL). 24 lar-
vae in ethanol (GBIFCH00280804) and 2 larvae on slides (GBIF-
CH00465124; GBIFCH00465125); Gran Canaria (GC6); Bar-
ranco de los Cernícalos, Lomo Magullo, artificial channel; Coord. 
27.97831/ – 15.48112; Alt. 512 m; 15.III.2014; Leg. S. Rutschmann 
& H. Detering. (MZL).

4. 	 Discussion

A number of studies using mitochondrial DNA have 
reported Rhodobaetis to be a complex of species hypo
theses (Williams et al. 2006; Lucentini et al. 2011; Sro-
ka 2012; Rutschmann et al. 2014; Gattolliat et al. 2015; 
Bisconti et al. 2016; Múrria et al. 2017). A DNA bar-
coding project of European mayflies has also shown that 
Baetis rhodani s.l. is composed of many mitochondrial 
clusters recognized as species hypotheses by GMYC, 
some of which are widely distributed and sympatric, with 
others being endemic to restricted geographical areas 
(Fig. 3; S. Rutschmann unpubl. data.). Based on wide-
spread agreement between mitochondrial markers and 
unlinked nuclear markers in other Baetidae (Rutschmann 
et al. 2017), we assume these to be valid species hypo

theses. Nonetheless, most of the species hypotheses re-
main difficult to separate morphologically and therefore 
have never been formally described, even using the set of 
characters established to discriminate the species of Rho­
dobaetis (Godunko et al. 2004). In comparison, Canary 
Islands, with a restricted number of species hypotheses 
and a rather simple geographic distribution, are therefore 
an easy-to-handle study case.
	 The Canarian Rhodobaetis clearly form two cox1 line-
ages: one corresponding to B. canariensis s.l., including 
the three species newly described herein, and the other 
to B. pseudorhodani s.l., in agreement with earlier re-
sults (Rutschmann et al. 2014). Within B. canariensis s.l. 
the applied species delimitation methods resulted in two 
rather small inconsistencies, including B. gomerensis and 
B. palmensis (split: PTP, grouped: GMYC, ABGD) and 
the split of B. tenerifensis into two species hypotheses 
(PTP, ABGD). The species hypotheses for B. pseudo­
rhodani s.l. agree for all methods and are congruent with 
the ones recovered by Rutschmann et al. (2014). Nota-
bly, the inconsistencies within B. canariensis s.l. are as-
sociated with the species hypotheses represented by the 
smallest numbers of specimens. Tang et al. (2014) found 
a general tendency of species hypotheses to be more split 
when fewer specimens were included. Interestingly, the 
highest number of species hypotheses for B. canariensis 
s.l. was recovered using PTP. In previous studies, PTP 
was found to be as accurate, if not more, than GMYC 
(Zhang et al. 2013; Tang et al. 2014) and to outperform 
the latter method when few species are involved (Luo et 
al. 2018). In contrast to our previous results (Rutschmann 
et al. 2014), the separation of B. gomerensis and B. pal­
mensis was not supported when using GMYC. Tree-based 
methods, in particular GMYC, are quite sensitive to the 
priors and parameters used to construct the ultrametric 
tree (Talavera et al. 2013; Tang et al. 2014). In compari-

Fig. 9. Dorsal margin of forefemora of Baetis (Rhodobaetis) canariensis s.l. A: Baetis (Rhodobaetis) gomerensis n.sp. B: Baetis (Rhodo­
baetis) palmensis n.sp. C: Baetis (Rhodobaetis) tenerifensis n.sp. D: Baetis (Rhodobaetis) canariensis s.s.
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son to Rutschmann et al. (2014), the set of specimens in-
cluded here was slightly different (i.e., including addition-
al Canarian specimens and B. rhodani s.l. specimens from 
North Africa), and the sequence partitioning and choice of 
model of molecular evolution differed as a result. Notably, 
B. gomerensis and B. palmensis seem to present very little 

genetic variability as, for both, all specimens belonged to 
a single haplotype. This could be due to insufficient sam-
pling, despite our sequencing specimens collected from 
different localities and different streams (see also below). 
As all Canarian species – and in particular the ones on La 
Palma and La Gomera – occur in rather isolated areas (see 

Fig. 11. Posterior margin of sternite IX of Baetis (Rhodobaetis) canariensis s.l. A: Baetis (Rhodobaetis) gomerensis n.sp. B: Baetis (Rho­
dobaetis) palmensis n.sp. C: Baetis (Rhodobaetis) tenerifensis n.sp. D: Baetis (Rhodobaetis) canariensis s.s.

Fig. 10. Posterior margin of tergite IV of Baetis (Rhodobaetis) canariensis s.l. A: Baetis (Rhodobaetis) gomerensis n.sp. B: Baetis (Rhodo­
baetis) palmensis n.sp. C: Baetis (Rhodobaetis) tenerifensis n.sp. D: Baetis (Rhodobaetis) canariensis s.s.
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also below), a low genetic variability might be expected. 
Alternatively, B. gomerensis and B. palmensis may be 
very closely related, including a very recent dispersal 
event between the two neighbouring islands. The poten-

tial species hypothesis of B. tenerifensis for the northern 
part (i.e., Anaga) is interesting. In particular this matches 
volcanic activities on Tenerife, supporting within-island 
phylogeographic patterns. In fact several plant and ani-

Fig. 12. Gills I – IX of Baetis (Rhodobaetis) canariensis s.l. A: Baetis (Rhodobaetis) gomerensis n.sp. B: Baetis (Rhodobaetis) palmensis 
n.sp. C: Baetis (Rhodobaetis) tenerifensis n.sp. D: Baetis (Rhodobaetis) canariensis s.s.

Fig. 13. Paraproct and postero-lateral extension (cercotractor) of Baetis (Rhodobaetis) canariensis s.l. A: Baetis (Rhodobaetis) gomerensis 
n.sp. B: Baetis (Rhodobaetis) palmensis n.sp. C: Baetis (Rhodobaetis) tenerifensis n.sp. D: Baetis (Rhodobaetis) canariensis s.s.
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mal taxa include sister lineages endemic to the Tenerife 
palaeo-islands (Juan et al. 2000; Mairal et al. 2015 and 
references therein; Brown et al. 2017).
	 We recovered very similar species hypotheses as pre-
vious studies for B. rhodani s.l. and B. ingridae s.l. (Wil-
liams et al. 2006; Lucentini et al. 2011; Rutschmann et 
al. 2014). Our extended taxon sampling recovered two to 
three North African species hypotheses. In particular, we 
found a previously unknown clade, distributed in Alge-
ria and Corsica, comprising one (GMYC) or two species 
hypotheses (PTP, ABGD), and a separate North African/
Corsican species hypothesis within the formerly detect-
ed clade G4/VII (GMYC, PTP) (Lucentini et al. 2011; 
Rutschmann et al. 2014). In comparison to Rutschmann 
et al. (2014), we generally detected fewer species hy-
potheses when using the GMYC method, including G3/I, 
G7, and G10/V that were inferred as one species hypoth-
esis, but with the exception of G4/VII. For Corsica, our 
data support the growing evidence of several B. rhodani 
s.l. species hypotheses (Gattolliat et al. 2015; Bisconti 
et al. 2016).
	 Species delimitation methods can be misleading if 
species are not sampled adequately (Lohse 2009; Papa-
dopoulou et al. 2009). In particular, undersampling can 
result in inappropriate delimitations, leading to either 
underestimation of species hypotheses or overestima-
tion due to apparent genetic structuring (Papadopoulou 
et al. 2009). For cryptic species with a wide or unknown 
distribution range, such as B. rhodani s.l. (Gattolliat 
& Sartori 2008), it can be difficult to assess whether 
sampling is adequate. For the species newly described 
herein, assessing distribution and sampling seems easier 
considering their island-endemic distributions, although 
species range, population structuring (i.e., possibly for 
B. tenerifensis) and population size (i.e., as evidenced for 
B. gomerensis and B. palmensis) influence adequate taxon 
sampling (Bergsten et al. 2012; Hamilton et al. 2014).
	 The use of species delimitation methods based on 
single-locus data (i.e., gene tree) can provide useful in-
formation for the survey of biodiversity patterns (Mona-
ghan et al. 2009; Esselstyn et al. 2012; Ratnasingham & 
Hebert 2013; Tang et al. 2014). Nonetheless, its use is 
questionable (Knowles & Carstens 2007; Dupuis et al. 
2012). In particular, the sole use of mitochondrial DNA is 
problematic for species with mitonuclear or cytonuclear 
discordance (Toews & Brelsford 2012; Papakostas et al. 
2016; Ivanov et al. 2017), including mitochondrial pseu-
dogenes in nuclear DNA (NUMTs) (Song et al. 2008; 
Leite 2012). Species delimitation based on multi-locus 
data (i.e., species tree) generally result in more reliable 
species hypotheses because these methods can incorpo-
rate discordances between loci (Maddison 1997; Yang & 
Rannala 2010). In particular this applies when species 
are not recovered as monophyletic clades based on gene 
trees due to among-gene differences in lineage sorting 
or in recent speciation events (Funk & Omland 2003; 
Mallo & Posada 2016). However, a recent study on spe-
cies hypotheses, comparing single (i.e., cox1) and multi-
locus data (i.e., 59 nuclear DNA markers) recovered cor-

responding species hypotheses for closely related species 
of Cloeon dipterum s.l. (Rutschmann et al. 2017). While 
species delimitation methods entirely based on single-
locus data and on small numbers of specimens do pose 
interpretational risks, the combination of molecular and 
morphological data provides suitable criteria for species 
description (DeSalle et al. 2005).
	 Morphologically, the four species B. canariensis, 
B. gomerensis, B. palmensis and B. tenerifensis are very 
similar and share several important characters, notably 
the reduction of the first pair of gills and the absence of 
spines on the gill margin (Fig. 12). These two characters 
are rather unusual within Rhodobaetis and can explain 
why Müller-Liebenau (1971) first considered them to be 
a single species. Baetis gomerensis and B. palmensis pre-
sent the highest reduction of the first pair of gills (Fig. 12), 
comparable mandibles (Fig. 7A,B), and similar setation 
of the dorsal margin of femora (Fig. 9A,B) (Table 1). 
They mainly differ by the shape of the labial palp (more 
slender in B. palmensis: Fig. 8B) and tergites VII – IX 
with scarce spatulas in B. palmensis (Fig. 10B). The gills 
I of Baetis tenerifensis and B. canariensis are less reduced 
than in the two previous species (Fig. 12C,D). Baetis ten­
erifensis can be identified by the broader outer incisive of 
both mandibles (Fig. 7C,D) and cercotractor with stouter 
and longer spines along the margin (Fig. 13C). Baetis ca­
nariensis was the single species originally documented 
by Müller-Liebenau (1971). We can easily recognise 
that the material used for the illustrations (fig. 19E,F,J in 
Müller-Liebenau 1971) was collected in Gran Canaria 
because segment III of the labial palp is almost symmetri-
cal (Fig. 8D) and the setae on the dorsal margin of femora 
are spatulate (Fig. 9D). Despite meticulous observation 
of the different specimens on slides and other specimens 
in ethanol, we were unable to see the subapical setae on 
claws. Traces of insertions of setae may be seen in some 
case (Fig. 6B), but no setae are visible as in fig. 19K in 
Müller-Liebenau (1971). 
	 The present study clearly shows that the search for 
relevant and usable morphological characters to support 
species hypothesis revealed by molecular tools remains a 
great challenge. Most of the traditional characters used to 
separate species (see for example the key to Baetis spe-
cies in Müller-Liebenau 1969) were not suitable for se
parating these very similar species. Interpretation of the 
discriminating characters (Table 1) requires long-term 
experience and observation of several specimens with 
a high-performance binocular or SEM images. We hope 
that the present study will encourage taxonomists to take 
molecular putative species out of the dark taxonomy by 
providing a formal description. 
	 A major aim of this revision is related to the con-
servation of these endemic species. Rather than hav-
ing one species (namely B. canariensis) spread over 
four islands, our results show that each island pos-
sesses its own endemic species. Therefore their cur-
rent status should be investigated rapidly by authori-
ties. Comparison with the data extracted  from  the  lit-
erature  (Müller-Liebenau  1971; Alba-Tercedor et al. 
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1987; Malmqvist et al. 1993, 1995; Nilsson et al. 1998), 
as well as our unpublished data, we suspect all these 
species to be highly endangered. Baetis tenerifensis is 
known from three streams and probably disappeared 
from five others during the last century. Streams that still 
harbour that species are located either at high altitudes 
(1400 m asl) or in nature reserves at middle altitude. 
Baetis canariensis is currently known with confidence 
from only two streams at 800 – 1200 m asl, whereas in 
the 20th century it was recorded in eight watercourses. 

Baetis palmensis is only known from the Río Taburi-
ente and its tributaries in the Caldera de Taburiente Na-
tional Park (700 – 1100 m asl), and already disappeared 
from downstream the caldera where it was common in 
the 1970s. Baetis gomerensis was mainly found in two 
streams of the Parque National de Garajonay between  
800 and 900 m asl, whereas in the 1970s the species was 
also recorded from five other streams at lower altitudes. 
	 Overall, freshwater ecosystems on the Canary Islands 
are unique and under tremendous stress due to water ex-
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tractions for domestic and agricultural use; tourism also 
greatly increases global water consumption. Pollution can 
have important impact especially at low elevations. These 
endangered species now only survive at high altitudes in 
protected areas, in particular the laurel forests that are a 
unique ecosystem in the west Mediterranean biome.

5. 	 Acknowledgements

We are greatly indebted to Marcos Báez (La Laguna, Tenerife) for 
his precious help in organizing and taking part in the fieldwork on the 
Canary Islands, and the Canarian authorities who provided us with the 
collection permissions: Servicio Administrativo de Medio Ambiente, 
Cabildo de Tenerife (reg. numbers 10841/2007, 2014-00200/2014), 
Ministerio de Medio Ambiente, Parque Nacional de Guarajonay, 
La Gomera (reg. numbers 73/2008, 106051-17099/2014), Conse-
jeria de Medio Ambiente, Cabildo de Gran Canaria (reg. numbers 
1830/2009, 5480/2014), Servicio de Medio Ambiente, Cabildo de 
La Palma (reg. numbers 462/2009, 2014001631/2014), and Minis-
terio de Medio Ambiente y Medio Rural y Marino, Parque Nacional 
de la Caldera de Taburiente (reg. numbers 40/2009, 269046-REUS 
52472/2014) and its director A. Palomares Martinez. Many thanks 
for their help in the field to Pascale Derleth Sartori and Harald Deter-
ing, and to P.L. Cabrera and A. Marxsen of the Reserva Natural Es-
pecial Barranco del Infierno (Tenerife). The loan of the type material 
of B. canariensis was possible through the courtesy of Kai Schütte 
(Zoologisches Museum, Hamburg, Germany). We are indebted to 
Nadhira Benhadji (Université Abou Bekr Belkaïd, Tlemcen, Algeria) 
for the donation of material. We are grateful to Katrin Preuß and 
Lydia Wächter (IGB) for laboratory work. This work was supported 
by the Leibniz Association (SAW/Pakt für Forschung und Innova-
tion) project FREDIE (SAW-2011-ZFMK-3 to M.T.M.). S.R. thanks 
the Janggen-Pöhn-Stiftung (http://www.janggen-poehn.ch/) for a 
Postdoctoral stipend. 

6. 	 References

Alba-Tercedor J., Baez M., Soldán T. 1987. New records of may-
flies of the Canary Islands (Spain) (Insecta, Ephemeroptera). – 
Eos 13: 7 – 13.

Anguita F., Hernán F. 2000. The Canary Islands origin: a unifying 
model. – Journal of Volcanology and Geothermal Research 103: 
1 – 26.

Barber-James H.M., Gattolliat J.-L., Sartori M., Hubbard M.D. 
2008. Global diversity of mayflies (Ephemeroptera, Insecta) in 
freshwater. – Hydrobiologia 595: 339 – 350.

Beketov M.A., Godunko R.J. 2005. Baetis khakassikus n. sp., a 
new species of the subgenus Rhodobaetis Jacob, 2003 from 
Middle Siberia, Russian Federation (Ephemeroptera: Baetidae). 
– Genus 16: 7 – 12.

Bergsten J., Bilton D.T., Fujisawa T., Elliot M., Monaghan M.T., 
Balke M., Hendrich L., Geijer J., Herrmann J., Foster G.N., 
Ribera I., Nilsson A.N., Barraclough T.G., Vogler A.P. 2012. 
The effect of geographical scale of sampling on DNA barcod-
ing. – Systematic Biology 61: 851 – 869. 

Brown R.P., Woods M., Thorpe R.S. 2017. Historical volcanism 
and within-island genetic divergence in the Tenerife skink (Chal­
cides viridanus). – Biological Journal of the Linnean Society 
122: 166 – 175.

Bisconti R., Canestrelli D., Tenchini R., Belfiore C., Buffagni 
A., Nascetti G. 2016. Cryptic diversity and multiple origins of 
the widespread mayfly species group Baetis rhodani (Ephemero
ptera: Baetidae) on northwestern Mediterranean islands. – Eco
logy and Evolution 6: 7901 – 7910.

Bouckaert R., Heled J., Kuhnert D., Vaughan T., Wu C.H., Xie 
D., Suchard M.A., Rambaut A., Drummond A.J. 2014. BEAST 
2: A Software Platform for Bayesian Evolutionary Analysis. – 
PLoS Computational Biology 10: e1003537.

Brauer F. 1900. Über die von Prof. O. Simony auf den Canaren 
gefundenen Neuroptera und Pseudoneuroptera (Odonata, Cor-
rodentia et Ephemeridae). – Sitzungsberichte der Mathematisch-
Naturwissenschaftlichen Classe der Kaiserlichen Akademie 109: 
467 – 477.

Chesters D. 2013. collapsetypes.pl [computer software available at 
http://sourceforge.net/projects/collapsetypes/].

DeSalle R., Egan M.G., Siddall M. 2005. The unholy trinity: tax-
onomy, species delimitation and DNA barcoding. – Philosophi-
cal Transactions of the Royal Society B, Biological Sciences 360: 
1905 – 1916. 

Dietzen C., Garcia-Del-Rey E., Castro G.D., Wink M. 2008. Phy-
logenetic differentiation of Sylvia species (Aves : Passeriformes) 
of the Atlantic islands (Macaronesia) based on mitochondrial 
DNA sequence data and morphometrics. – Biological Journal of 
the Linnean Society 95: 157 – 174.

Dupuis J.R., Roe A.D., Sperling F.A.H. 2012. Multi-locus species 
delimitation in closely related animals and fungi: one marker is 
not enough. – Molecular Ecology 21: 4422 – 4436.

Eaton A.E. 1871. A Monograph of the Ephemeridae. – Transac-
tions of the Entomological Society of London 1871: 1 – 164.

Emerson B.C., Oromi P. 2005. Diversification of the forest beetle 
genus Tarphius on the Canary Islands, and the evolutionary ori-
gins of island endemics. – Evolution 59: 586 – 598.

Esselstyn J.A., Evans B.J., Sedlock J.L., Khan F.A.A., Heaney 
L.R. 2012. Single-locus species delimitation: a test of the mixed 
Yule-coalescent model, with an empirical application to Philip-
pine round-leaf bats. – Proceedings of the Royal Society B, Bio-
logical Sciences 279: 3678 – 3686. doi:10.1098/rspb.2012.0705. 

Ezard T., Fujisawa T., Barraclough T.G. 2014. Splits: SPecies’ 
LImits by Threshold Statistics. R package version 1.0.

Fernandez-Palacios J.M., Whittaker R.J. 2008. The Canaries: an 
important biogeographical meeting place. – Journal of Biogeo
graphy 35: 379 – 387.

Flowers R.W. 1990. Ephemeroptera on the Fiji Islands. Pp. 
125 – 134 in Campbell I.C. (ed.), Mayflies and Stoneflies: Life 
Story and Biology, vol. 44. – Kluwer Academic Publishers, 
Dordrecht.

Folmer O., Black M., Hoeh W., Lutz R., Vrijenhoek R. 1994. 
DNA primers for amplification of mitochondrial cytochrome c 
oxidase subunit I from diverse metazoan invertebrates. – Mo-
lecular Marine Biology and Biotechnology 3: 294 – 299.

Fujisawa T., Barraclough T.G. 2013. Delimiting species using 
single-locus data and the generalized mixed Yule coalescent 
approach: A revised method and evaluation on simulated data 
sets. – Systematic Biology 62: 707 – 724.

Fujitani T., Hirowatari T., Tanida K. 2003. Nymphs of Nigrobaetis, 
Alainites, Labiobaetis, Tenuibaetis and Baetis from Japan (Ephe
meroptera: Baetidae): Diagnoses and keys for genera and spe-
cies. Pp. 127 – 133 in: Gaino E. (ed.), Research Update on Ephe
meroptera and Plecoptera. – University of Perugia, Italy, Perugia.

Funk D.J., Omland K.E. 2003. Species-level paraphyly and poly-
phyly: Frequency, causes, and consequences, with insights from 
animal mitochondrial DNA. – Annual Review of Ecology, Evo-
lution, and Systematics 34: 397 – 423.

Gattolliat J.-L. 2004. First reports of the genus Nigrobaetis No-
vikova & Kluge (Ephemeroptera: Baetidae) from Madagascar 
and La Réunion with observations on Afrotropical biogeogra-
phy. – Revue Suisse de Zoologie 111: 657 – 669.

Gattolliat J.-L., Sartori M. 2008. What is Baetis rhodani (Pic-
tet, 1843) (Insecta, Ephemeroptera, Baetidae)? Designation of a 
neotype and redescription of the species from its original area. – 
Zootaxa 1957: 69 – 80.

Gattolliat J.-L., Staniczek A. 2011. New larvae of Baetidae (In-
secta: Ephemeroptera) from Espiritu Santo, Vanuatu. – Stuttgar-
ter Beiträge zur Naturkunde A, Neue Serie 4: 75 – 82.



527

ARTHROPOD SYSTEMATICS & PHYLOGENY  —  76 (3) 2018

Gattolliat J.-L., Hughes S.J., Monaghan M.T., Sartori M. 2008. 
Revision of Madeiran mayflies (Insecta, Ephemeroptera). – Zoo
taxa 1957: 52 – 68.

Gattolliat J.-L., Cavallo E., Vuataz L., Sartori M. 2015. DNA 
barcoding of Corsican mayflies (Ephemeroptera) with implica-
tions on biogeography, systematics and biodiversity. – Arthropod 
Systematics and Phylogeny 73: 3 – 18.

Geyer A., Martí J. 2010. The distribution of basaltic volcanism on 
Tenerife, Canary Islands: Implications on the origin and dynam-
ics of the rift systems. – Tectonophysics 483: 310 – 326.

Godunko R.J., Prokopov G.A., Soldán T. 2004. Mayflies of the 
Crimean Peninsula III. The description of Baetis milani sp. n. 
with notes on taxonomy of the subgenus Rhodobaetis Jacob, 
2003 (Ephemeroptera: Baetidae). – Acta Zoologica Cracovien-
sia 47: 231 – 248.

Godunko R.J., Palatov D.M., Martynov A.V. 2015. Mayflies of 
the Caucasus Mountains. III. A new representative of the subge-
nus Rhodobaetis Jacob, 2003 (Baetidae: Baetis) from the South-
Western Caucasus. – Zootaxa 3948: 182 – 202.

Guillou H., Carracedo J.C., Paris R., Pérèz Torrado F.J. 2004. 
Implications for the early shield-stage evolution of Tenerife from 
K/Ar ages and magnetic stratigraphy. – Earth and Planetary Sci-
ence Letters 222: 599 – 614.

Hamilton C.A., Hendrixson B.E., Brewer M.S., Bond J.E. 2014. 
An evaluation of sampling effects on multiple DNA barcoding 
methods leads to an integrative approach for delimiting species: 
a case study of the North American tarantula genus Aphonopel­
ma (Araneae, Mygalomorphae, Theraphosidae). – Molecular 
Phylogenetics and Evolution 71: 79 – 93. 

Hubbard M.D. 1995. Towards a standard methodology for the de-
scription of mayflies (Ephemeroptera). Pp. 361 – 370 in: Corkum 
L.D., Ciborowski J.J.H. (eds), Current Directions in Research on 
Ephemeroptera. – Canadian Scholars’ Press Inc., Toronto.

Ivanov V., Lee K.Y., Mutanen M. 2017. Mitonuclear discordance 
in wolf spiders: Genomic evidence for species integraty and in-
trogression. – Molecular Ecology 27: 1681 – 1695.

Jacob U. 2003. Baetis Leach 1815, sensu stricto oder sensu lato. 
Ein Beitrag zum Gattungskonzept auf der Grundlage von Ar-
tengruppen mit Bestimmungsschlüsseln. – Lauterbornia 47: 
59 – 129.

Juan C., Emerson B.C., Orom P., Hewitt G.M. 2000. Colonization 
and diversification: towards a phylogeographic synthesis for the 
Canary Islands. – Trends in Ecology & Evolution 15: 104 – 109. 

Katoh K., Standley D.M. 2013. MAFFT Multiple sequence align-
ment software Version 7: Improvements in performance and us-
ability. – Molecular Biology and Evolution 30: 772 – 780.

Kekkonen M., Hebert P.D.N. 2014. DNA barcode-based deline-
ation of putative species: efficient start for taxonomic work-
flows. – Molecular Ecology Resources 14: 706 – 715.

Kekkonen M., Mutanen M., Kaila L., Nieminen M., Hebert P.D.N. 
2015. Delineating species with DNA barcodes: a case of tax-
on dependent method performance in moths. – PLoS One 10: 
e0122481.

Kelly L.C., Bilton D.T., Rundle S.D. 2001. Population structure 
and dispersal in the Canary Island caddisfly Mesophylax asper­
sus (Trichoptera, Limnephilidae). – Heredity 86: 370 – 377.

Kluge N.J., Gattolliat J.-L., Salles F.F., Novikova E.A. 2018. Re-
vision of the Afrotropical genus Susua Lugo-Ortiz & McCaffer-
ty 1998 (Ephemeroptera: Baetidae: Protopatellata). – Zootaxa 
4434: 1 – 28.

Knowles L.L., Carstens B.C. 2007. Delimiting species without 
monophyletic gene trees. – Systematic Biology 56: 887 – 895.

Kozlov A. 2017. amkozlov/raxml-ng: RAxML-NG v0.5.0 BETA 
(Version 0.5.0). Zenodo. http://doi.org/10.5281/zenodo.888146

Leite L.A.R. 2012. Mitochondrial pseudogenes in insect DNA bar-
coding: Differing points of view on the same issue. – Biota Neo-
tropica 12: 301 – 308. 

Lohse K. 2009. Can mtDNA barcodes be used to delimit species? 
A response to Pons et al. (2006). – Systematic Biology 58: 
439 – 442. 

Lucentini L., Rebora M., Puletti M.E., Gigliarelli L., Fonta-
neto D., Gaino E., Panara F. 2011. Geographical and seasonal 
evidence of cryptic diversity in the Baetis rhodani complex 
(Ephemeroptera, Baetidae) revealed by means of DNA taxono-
my. – Hydrobiologia 673: 215 – 228.

Luo A., Ling C., Ho S.Y.W., Zhu C. 2018. Comparison of meth-
ods for molecular species delimitation across a range of spe-
ciation scenarios. – Systematic Biology, syy011, https://doi.org/ 
10.1093/sysbio/syy011

Maddison W.P. 1997. Gene trees in species trees. – Systematic Bio
logy 46: 523 – 536. 

Maddison W.P., Maddison D.R. 2011. Mesquite: a modular system 
for evolutionary analysis. – http://mesquiteproject.org (accessed 
25.iii.2016).

Mairal M., Sanmartín I., Culshaw J.J.A., Manolopoulou I., 
Alarcón M. 2015. Palaeo-islands as refugia and sources of 
genetic diversity within volcanic archipelagos: the case of the 
widespread endemic Canarina canariensis (Campanulaceae). – 
Molecular Ecology 15: 3944 – 3963.

Malmqvist B., Nilsson A.N., Baez M., Armitage P.D., Blackburn 
J. 1993. Stream macroinvertebrate communities in the island of 
Tenerife. – Archiv für Hydrobiologie 128: 209 – 235.

Malmqvist B., Nilsson A.N., Baez M. 1995. Tenerifes Freshwa-
ter macroinvertebrates – status and threats (Canary-Islands, 
Spain). – Aquatic Conservation-Marine And Freshwater Ecosys-
tems 5: 1 – 24.

Mallo D., Posada D. 2016. Multilocus inference of species trees 
and DNA barcoding. – Proceedings of the Royal Society B, Bio-
logical Sciences 371: 20150335.

McLachlan R. 1882. The Neuroptera of Madeira and the Canary 
Islands. – Journal of the Linnean Society of London, Zoology 
16: 149 – 183.

Monaghan M.T., Gattolliat J.-L., Sartori M., Elouard J.-M., 
James H., Derleth P., Glaizot O., Moor F. de, Vogler A.P.  
2005. Trans-oceanic and endemic origins of the small minnow 
mayflies (Ephemeroptera, Baetidae) of Madagascar. – Proceed
ings of the Royal Society B, Biological Sciences 272: 1829 – 
1836.

Monaghan M.T., Wild R., Elliot M., Fujisawa T., Balke M., In-
ward D.J.G., Lees D.C., Ranaivosolo R., Eggleton P., Barra-
clough T.G., Vogler A.P. 2009. Accelerated species inventory 
on Madagascar using coalescent-based models of species deli
neation. – Systematic Biology 58: 298 – 311.

Müller-Liebenau I. 1969. Revision der europäischen Arten der 
Gattung Baetis Leach, 1815 (Insecta, Ephemeroptera). – Gewäs
ser und Abwässer 48/49: 1 – 214.

Müller-Liebenau I. 1971. Ephemeroptera (Insecta) von den Kana
rischen Inseln. – Gewässer und Abwässer 50/51: 7 – 40.

Müller-Liebenau I. 1974. Baetidae aus Südfrankreich, Spanien 
und Portugal (Insecta, Ephemeroptera). – Gewässer und Ab-
wässer 53/54: 7 – 42.

Múrria C., Bonada N., Vellend M., Zamora-Muñoz C., Alba-
Tercedor J., Sainz-Cantero C.E., Garrido J., Acosta R., El 
Alami M., Barquín J., Derka T., Álvarez-Cabria M., Sáinz-
Bariain M., Filipe A.F., Vogler A.P. 2017. Local environment 
rather than past climate determines community composition of 
mountain stream macroinvertebrates across Europe. – Molecular 
Ecology 26: 6085 – 6099.

Navás L. 1931. De mis ultimas excursiones entomologicas (1930 – 
1931). – Boletin de la Societad Entomologica de Espana 14: 116 – 
130.

Nilsson A.N., Malmqvist B., Baez M., Blackburn J.H., Armitage 
P.D. 1998. Stream insects and gastropods in the island of Gran 
Canaria (Spain). – Annales de Limnologie - International Journal 
of Limnology 34: 413 – 435.

Papadopoulou A., Monaghan M.T., Barraclough T.G., Vogler  
A.P. 2009. Sampling error does not invalidate the Yule-coa-
lescent model for species delimitation. A response to Lohse 
(2009). – Systematic Biology 58: 442 – 444.

 



Gattolliat et al.: New species of Baetis from Canary Islands

528

Pante E., Schoelinck C., Puillandre N. 2015. From integrative 
taxonomy to species description: One step beyond. – Systematic 
Biology 64: 152 – 160.

Papakostas S., Michaloudi E., Proios K., Brehm M., Verhage L., 
Rota J., Declerck S.A. 2016. Integrative taxonomy recognizes 
evolutionary units despite widespread mitonuclear discordance: 
Evidence from a rotifer cryptic species complex. – Systematic 
Biology 65: 508 – 524.

Pereira-Da-Conceicoa L.L., Price B.W., Barber-James H.M., 
Barker N.P., Moor F.C. de, Villet M.H. 2012. Cryptic variation 
in an ecological indicator organism: mitochondrial and nuclear 
DNA sequence data confirm distinct lineages of Baetis harrisoni 
Barnard (Ephemeroptera: Baetidae) in southern Africa. – BMC 
Evolutionary Biology 12: 26.

Pons J., Barraclough T., Gomez-Zurita J., Cardoso A., Duran 
D., Hazell S., Kamoun S., Sumlin W.D., Vogler A.P. 2006. 
Sequence-based species delimitation for the DNA taxonomy of 
undescribed insects. – Systematic Biology 55: 595 – 609.

Puillandre N., Lambert A., Brouillet S., Achaz G. 2012. ABGD, 
Automatic Barcode Gap Discovery for primary species delimita-
tion. – Molecular Ecology 21: 1864 – 1877.

R Core Team 2016. R: A Language and Environment for Statistical 
Computing. – R Foundation for Statistical Computing, Vienna, 
Austria. https://www.R-project. org (Accessed 26.iii.2016). 

Ratnasingham S., Hebert P.D. 2013. A DNA-based registry for all 
animal species: The Barcode Index Number (BIN) System. – 
PLoS One 8: e66213. 

Ribera I., Bilton D.T., Balke M., Hendrich L. 2003. Evolution, 
mitochondrial DNA phylogeny and systematic position of the 
Macaronesian endemic Hydrotarsus Falkenström (Coleoptera : 
Dytiscidae). – Systematic Entomology 28: 493 – 508.

Rutschmann S., Gattolliat J.-L., Hughes S.J., Baez M., Sartori 
M., Monaghan M.T. 2014. Evolution and island endemism of 
morphologically cryptic Baetis and Cloeon species (Ephemero
ptera, Baetidae) on the Canary Islands and Madeira. – Fresh
water Biology 59: 2516 – 2527.

Rutschmann S., Detering H., Simon S., Funk D.H., Gattolliat 
J.-L., Hughes S.J., Raposeiro P.M., DeSalle R., Sartori M., 
Monaghan M.T. 2017. Colonization and diversification of aquat-
ic insects on three Macaronesian archipelagos using 59 nuclear 
loci derived from a draft genome. – Molecular Phylogenetics and 
Evolution 107: 27 – 38.

Soldán T., Godunko R.J. 2006. Baetis atlanticus n. sp., a new spe-
cies of the subgenus Rhodobaetis Jacob, 2003 from Madeira, 
Portugal (Ephemeroptera: Baetidae). – Genus 17: 5 – 17.

Soldán T., Godunko R.J. 2008. Two new species of the genus Bae­
tis Leach, 1815 (Ephemeroptera: Baetidae) from Cyprus. – An-
nales Zoologici 58: 79 – 104.

Soldán T., Godunko R.J., Thomas A.G.B. 2005. Baetis chelif n. 
sp., a new mayfly from Algeria with notes on B. sinespinosus 
Soldán & Thomas, 1983, n. stat. (Ephemeroptera: Baetidae). – 
Genus 16: 155 – 165.

Song H., Buhay J.E., Whiting M.F., Crandall K.A. 2008. Many 
species in one: DNA barcoding overestimates the number of spe-
cies when nuclear mitochondrial pseudogenes are coamplified. – 
Proceedings of the National Academy of Sciences of the United 
States of America 105: 13486 – 13491. 

Sroka P. 2012. Systematics and phylogeny of the West Palaearctic 
representatives of subfamily Baetinae (Insecta: Ephemeroptera): 
combined analysis of mitochondrial DNA sequences and mor-
phology. – Aquatic Insects 34: 23 – 53.

Sroka P., Martynov A.V., Godunko R.J. 2012a. Morphological and 
genetic variability of Baetis (Rhodobaetis) braaschi Zimmer
mann, 1980 (Ephemeroptera: Baetidae). – Zootaxa 3323: 27 – 49.

Sroka P., Godunko R.J., Novikova E.A., Kluge N.J. 2012b. Con-
tribution to the knowledge of the subgenus Rhodobaetis Jacob, 
2003 (Ephemeroptera: Baetidae: Baetis) from Central Asia. Part 
1. – Zootaxa 3311: 42 – 60.

Steinbauer M.J., Field R., Fernández-Palacios J.M., Irl S.D.H., 
Otto R., Schaefer H., Beierkuhnlein C. 2016. Biogeographic 
ranges do not support niche theory in radiating Canary Island 
plant clades. – Global Ecology and Biogeography 25: 792 – 804.

Talavera G., Dincă V., Vila R. 2013. Factors affecting species 
delimitations with the GMYC model: insights from a butterfly 
survey. – Methods in Ecology and Evolution 4: 1101 – 1110.

Tang C.Q., Humphreys A.M., Fontaneto D., Barraclough T.G. 
2014. Effects of phylogenetic reconstruction method on the ro-
bustness of species delimitation using single-locus data. – Meth-
ods in Ecology and Evolution 5: 1086 – 1094. 

Toews D.P.L., Brelsford A. 2012. The biogeography of mitochon-
drial and nuclear discordance in animals. – Molecular Ecology 
21: 3907 – 3930. 

Valente L., Illera J.C., Havenstein K., Pallien T., Etienne R.S., 
Tiedemann R. 2017. Equilibrium bird species diversity in Atlan-
tic islands. – Current Biology 27: 1660 – 1666.e1665.

Vuataz L., Sartori M., Wagner A., Monaghan M.T. 2011. Toward 
a DNA Taxonomy of Alpine Rhithrogena (Ephemeroptera: Hep-
tageniidae) Using a Mixed Yule-Coalescent Analysis of Mito-
chondrial and Nuclear DNA. – PLoS One 6: e19728.

Vuataz L., Sartori M., Gattolliat J.-L., Monaghan M.T. 2013. 
Endemism and diversification in freshwater insects of Madagas-
car revealed by coalescent and phylogenetic analysis of museum 
and field collections. – Molecular Phylogenetics and Evolution 
66: 979 – 991.

Williams H.C., Ormerod S.J., Bruford M.W. 2006. Molecular 
systematics and phylogeography of the cryptic species complex 
Baetis rhodani (Ephemeroptera, Baetidae). – Molecular Phylo-
genetics and Evolution 40: 370 – 382.

Yang Z., Rannala B. 2010. Bayesian species delimitation using 
multilocus sequence data. – Proceedings of the National Acade-
my of Sciences of the United States of America 107: 9264 – 9269. 

Zhang J., Kapli P., Pavlidis P., Stamatakis A. 2013. A general 
species delimitation method with applications to phylogenetic 
placements. – Bioinformatics 29: 2869 – 2876.

Electronic Supplement File
at http://www.senckenberg.de/arthropod-systematics

File 1: gattolliat&al-canaryrhodobaetis-asp2018-electronicsupple 
ment-1.pdf — Fig. S1. Molecular species delimitation of the Euro-
pean and North African representatives of the Rhodobaetis group 
(i.e., Baetis pseudorhodani s.l., Baetis canariensis s.l., and Bae­
tis rhodani s.l.), using the Generalized Mixed Yule Coalescent 
(GMYC, Fujisawa & Barraclough 2013), Poisson Tree Processes 
(PTP, Zhang et al. 2013), and Automatic Barcode Gap Discovery 
(ABGD, Puillandre et al. 2012). The phylogenetic tree shows the 
topology of the cox1 gene tree used for the GMYC method. Previ-
ously identified clusters of Baetis rhodani s.l. are indicated on the 
tree (i.e., I – VII from William et al. 2006; G1 – G11 from Lucentini 
et al. 2011). Terminal labels represent unique haplotypes. 

Zoobank Registrations
at http://zoobank.org 

Present article: http://zoobank.org/urn:lsid:zoobank.org: 
pub:C8D9F714-4228-44DE-A7FA-CF612F2C9971

Baetis (Rhodobaetis) gomerensis Gattolliat & Sartori, 2018: 
http://zoobank.org/urn:lsid:zoobank.org:act:4033F770-7B3C-
46A4-8F1C-F433E4423C8D

Baetis (Rhodobaetis) palmensis Gattolliat & Sartori, 2018: 
http://zoobank.org/urn:lsid:zoobank.org:act:BD2C0AE3-4F52-
49F0-9020-8F41F9D77F6B

Baetis (Rhodobaetis) tenerifensis Gattolliat & Sartori, 2018: 
http://zoobank.org/urn:lsid:zoobank.org:act:AE60A6DE-48B6-
44FE-B131-7239B34CD7CC


