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Abstract
Sympatric distribution and syntopy are not common in closely related species since sporadic crosses may lead to the formation of 
hybrid zones disrupting the differentiation of sympatric incipient species. In Central Spain two morphologically similar species of 
Mediimorda Méquignon, 1946, M. batteni Plaza-Infante, 1985 and M. bipunctata (Germar, 1827) are strictly sympatric. 
Mediimorda batteni is endemic to the Iberian Peninsula while M. bipunctata is widely distributed in the Western Palaearctic 
Region. Intriguingly, sympatric distribution among closely related taxa that exhibits little morphological variation is not common. 
This makes us wonder if we are really facing two independent evolutionary units of Mediimorda as previously proposed or just two 
phenotypic morphs of a single taxon. To test for this hypothesis, we performed Bayesian and phylogeographic analyses based on 
mitochondrial (cox1) and nuclear (ITS2) data and estimated divergence time of clades. Additionally, a morphological revision and 
construction of potential distribution models were included to determine possible niche differences. Our results corroborate the 
existence of two lineages well differentiated, that probably diverged during the Pliocene. According to the morphology, each clade 
corresponds to the previously recognized M. batteni and M. bipunctata. The absence of hybridization and ecological segregation 
suggests that sympatric and syntopic distribution was accomplished long time after the speciation event that separated the two taxa 
took place. We propose that the divergence between clades was originated by allopatric speciation during the Late Pliocene 
subsequently followed by range shifts during the Pleistocene climatic oscillations, which resulted in the current syntopy of the two 
taxa.

Keywords: Syntopy, tumbling flower beetles, molecular analyses, Western Palaearctic Region

1. Introduction

Sympatric distribution and syntopy rarely occur 
between closely related species as the cohesion and 
stability of recently diverged species might be altered 
by hybridization (Mallet 2005). Sporadic crosses 
between syntopic populations may lead to the forma
tion of hybrid zones disrupting the differentiation of 
sympatric incipient species (Woodruff 1973; Mallet  
2005; Prado et al. 2016). Sympatry can also lead to 
competitive exclusion, as one of the two species might 
go extinct or be displaced when they share the same 
habitat and environmental conditions (e.g. Hardin  
1960; Beaver & Baldwin 1975; Lopes et al. 2015).

Two species of tumbling flower beetles of the 
genus Mediimorda Méquignon, 1946 
(Mordellidae), M. batteni Plaza-Infante, 1985 and 
M. bipunctata (Germar, 1827), are syntopic across 
a large area in Central Spain. Mediimorda batteni is 
endemic to the Iberian Peninsula while 
M. bipunctata is widely distributed in the Western 
Palaearctic Region (Plaza-Infante 1985; Leblanc  
2002). The two species are not only syntopic in 
Central Spain but can also be found together from 
mid-June to mid-August on the same flowers of 
several Apiaceae species, such as Daucus carota L., 
Thapsia villosa L., Eryngium campestre L., Foeniculum 
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vulgare Mill. (Plaza-Infante 1985). To complicate 
matters M. bipunctata and M. batteni are very similar 
in external morphology, which makes them impos
sible to differentiate in the field, although they can 
be separated by characters in the male genitalia 
(Plaza-Infante 1985; Leblanc 2002, 2007).

Limited morphological differentiation, similar habi
tat requirements, strict local syntopy, and a close phy
logenetic relationship make the study of M. bipunctata 
and M. batteni a particular interesting case to analyze 
some of the possible factors allowing local sympatry. 
Alternatively, M. bipunctata and M. batteni may still be 
at an incipient stage of speciation and might not have 
developed complete reproductive isolation, in which 
case the morphological divergence observed may 
reflect just intraspecific variability.

The present study first aimed to identify how many 
well-differentiated evolutionary units of Mediimorda are 
present in Central Spain, by analysing levels of congru
ence between nuclear (internal transcribed spacer 2 - 
ITS2) and mitochondrial (cytochrome c oxidase sub
unit 1 - cox1) markers, and with respect to the pre
viously proposed morphological diagnostic traits. The 
results demonstrated that M. batteni and M. bipunctata 
constitute two monophyletic groups with enough evi
dence to be treated at the species level. For these ana
lyses, a sample of 105 specimens of Iberian Mediimorda 
were used. Based on climatic data, areas of high suit
ability for each species were identified and the time of 
lineage diversification within each clade was also esti
mated. The phylogeographic patterns of the popula
tions of both species in the Iberian Peninsula were 
analysed. It is proposed that the current sympatric dis
tribution of these two taxa in the central areas of the 
Iberian Peninsula may have resulted from secondary 
contact driven by historical climatic oscillations.

2. Materials and methods

2.1. Taxon sampling

Specimens were collected in 27 different sites across the 
Iberian Peninsula. Information on the location of pre
viously known populations was obtained by an exhaus
tive bibliographic search and from label data of the 
specimens in the collection at the Museo Nacional de 
Ciencias Naturales, Madrid, Spain (MNCN-CSIC). 
Three to five specimens from each locality were used 
to perform molecular analyses to identify maker varia
bility within populations (Table I). Field collections 
were carried out in most of the areas in Central and 
Southern Spain where M. batteni is present (Plaza- 
Infante 1985). Specimens were located visually in the 
field, captured by hand, and georeferenced. Once col
lected, some specimens were preserved in ethanol, the 

rest dry-mounted for morphological study. All speci
mens are deposited at the MNCN.

2.2. DNA extraction and sequencing

Total DNA was extracted from 108 specimens, of 
which 105 belonged to Mediimorda and three speci
mens to other genera of Mordellidae (Table I). The 
entire specimen was used for DNA extraction. 
Specimens were perforated on the right side of the 
thorax, so they could be recovered for morphological 
study after DNA extraction. Total genomic DNA 
was extracted using the Qiagen DNeasy extraction 
kit (Qiagen®), following the protocol described by 
the manufacturer. We generated partial sequences 
of two molecular markers with varying molecular 
evolutionary rates, the mitochondrial cox1 and the 
ITS2 nuclear marker, to obtain phylogenetic resolu
tion at different phylogenetic levels. For the cox1, we 
used the set of primers Jerry-C1-J-2183 and Pat-TL2 
-N-3014 (Simon et al. 1994), while for the nuclear 
ITS2, we used the pair of primers CAS5p8sFc and 
CAS28sB1d (Ji et al. 2003).  

Polymerase chain reactions (PCR) were performed 
in 25 μl, including 23 μl of the PCR mix (16.35 μl of 
H2O; 2.5 μl of Nzytech reaction buffer with MgCl2; 
1 μl of dNTP; 1.75 μl of MgCl2; 0.5 μl of each primer 
and 0.4 μl of Taq polymerase (Nzytech, 5 U/μl)) and 
2 μl of specimen DNA for cox1; and 24 μl of the PCR 
mix (17.8 μl of H2O; 2.5 μl of Nzytech reaction buffer 
with MgCl2; 1 μl of dNTP; 1.5 μl of MgCl2; 0.5 μl of 
each primer and 0.2 μl of Taq polymerase (Nzytech, 
5 U/ μl)) and 1 μl of specimen DNA for ITS2. ITS2 
PCR conditions were as follows: 5 min at 96°C for 
initial denaturation, 40 cycles of denaturation at 
94°C (1 min), annealing at 55–60°C (1 min) and 
extension at 72°C (1 min) with a final extension at 
72°C for 10 min. Cox1 PCR conditions followed 
Gunter et al. (2013). Amplified products were 
checked in a 1.5% agarose gel and products with 
the expected length were purified and directly 
sequenced by Sanger at Macrogen Spain Inc. 
(Macrogen Europe, Amsterdam, The Netherlands). 
Chromatograms were assembled and edited using 
Geneious Prime 2021.0.3 (http://www.geneious. 
com/).

2.3. Phylogenetic analyses

Phylogenetic analyses were performed on separate 
data sets for each gene (cox1 and ITS2) including 
our own generated sequences of Mediimorda and the 
closely related genera Mordellistena, Variimorda and 
Stenalia as outgroups. Cox1 data set included 108 
terminals and 810 pb while ITS2 data set contained 
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Table I. List of specimens included in this study, their species identity, collecting localities, Entomology collection number at the Museo 
Nacional de Ciencias Naturales, Madrid, Spain (MNCN) and GenBank accession numbers.

Taxon Locality
MNCN Entomology 

collection number GenBank cox1 accession number
GenBank ITS2 

accession number

Mediimorda 
batteni

Spain: Ávila: 5 km Northwest of 
Valdelavía

325603, 325604, 325605 OQ863174, OQ863175, OQ863176

Mediimorda 
batteni

Spain: Ávila: 6 km South of Las 
Navas del Marqués

331074, 325541, 325542, 
325543, 325544, 

325545

OQ863090, OQ863112, OQ863113, 
OQ863114, OQ863115, 

OQ863116
Mediimorda 

batteni
Spain: Ávila: Rivera de Corneja 325537, 325538, 325539, 

325540
OQ863108, OQ863109, OQ863110, 

OQ863111
Mediimorda 

batteni
Spain: Ávila: San Bartolomé de 

Béjar
325606, 325607, 325608 OQ863177, OQ863178, OQ863179

Mediimorda 
batteni

Spain: Burgos: 1 km South of 
Pardilla

325526, 325527, 325529, 
325530

OQ863099, OQ863100, OQ863101, 
OQ863102

Mediimorda 
batteni

Spain: Burgos: Villahizán 325521, 325522, 325523, 
325524, 325525

OQ863094, OQ863095, OQ863096, 
OQ863097, OQ863098

Mediimorda 
batteni

Spain: Cáceres: 4 km East of 
Hervás

325533, 325535 OQ863105, OQ863107 OQ914284, 
OQ914285

Mediimorda 
batteni

Spain: Cuenca: 1 km East of 
Paredes

325581, 325582, 325583 OQ863152, OQ863153, OQ863154

Mediimorda 
batteni

Spain: Cuenca: 1 km Northeast 
of Alcalá de la Vega

325614, 325615, 325616, 
325617

OQ863185, OQ863186, OQ863187, 
OQ863188

Mediimorda 
batteni

Spain: Cuenca: 2 km Southwest 
of Monteagudo de las Salinas

331081, 325584, 325585, 
325586, 325587, 

325588

OQ863093, OQ863155, OQ863156, 
OQ863157, OQ863158, 

OQ863159
Mediimorda 

batteni
Spain: Cuenca: 5 km East of 

Campillo de Altobuey
325612, 325613 OQ863183, OQ863184

Mediimorda 
batteni

Spain: Cuenca: Puerto de 
Cabrejas

325556, 325557, 325558, 
325559, 325560

OQ863127, OQ863128, OQ863129, 
OQ863130, OQ863131

Mediimorda 
batteni

Spain: Granada: Pista Llanada 
de Sedella, Sierra Tejeda

325650, 325651, 331052, 
331054

OQ863189, OQ863190, OQ863191, 
OQ863192

OQ914288

Mediimorda 
batteni

Spain: Guadalajara: 2.3 km 
Southeast of Uceda

325609, 325610 OQ863180, OQ863181 OQ914280, 
OQ914281

Mediimorda 
batteni

Spain: Guadalajara: 2.5 km East 
of Puebla de Valles

325547, 325548, 325549, 
325550

OQ863118, OQ863119, OQ863120, 
OQ863121

OQ914282, 
OQ914283

Mediimorda 
batteni

Spain: Guadalajara: 4 km 
Northeast of Tamajón

325578, 325579, 325580 OQ863149, OQ863150, OQ863151

Mediimorda 
batteni

Spain: Guadalajara: Hueva 325551, 325552, 325553, 
325554, 325555

OQ863122, OQ863123, OQ863124, 
OQ863125, OQ863126

Mediimorda 
batteni

Spain: León: Puente del Alba 
1 km North of La Robla

325569, 325570, 325571 OQ863140, OQ863141, OQ863142 OQ914287

Mediimorda 
batteni

Spain: Madrid: 2 km South of 
La Cabrera

325592 OQ863163

Mediimorda 
batteni

Spain: Madrid: El Pardo 331068, 331069, 325589 OQ863088, OQ863089, OQ863160 OQ914286

Mediimorda 
batteni

Spain: Navarra: 1 km South of 
Ayesa

325593, 325594, 325595, 
325596

OQ863164, OQ863165, OQ863166, 
OQ863167

OQ914289

Mediimorda 
batteni

Spain: Palencia: 1 km Southeast 
of Palenzuela

325597, 325598, 325599 OQ863168, OQ863169, OQ863170

Mediimorda 
batteni

Spain: Palencia: Villamediana 325600, 325601, 325602 OQ863171, OQ863172, OQ863173

Mediimorda 
batteni

Spain: Salamanca: 1 km 
Southeast of La Hoya

331079, 325566, 325567, 
325568

OQ863092, OQ863137, OQ863138, 
OQ863139

Mediimorda 
batteni

Spain: Segovia: Alto del León 325575, 325576, 325577 OQ863146, OQ863147, OQ863148

Mediimorda 
batteni

Spain: Valencia: 1 km Northeast 
of Villargordo del Cabriel

325561, 325562, 325563, 
325564, 325565

OQ863132, OQ863133, OQ863134, 
OQ863135, OQ863136

OQ914290

Mediimorda 
batteni

Spain: Valladolid: 6 km South of 
Boecillo

325572, 325573, 325574 OQ863143, OQ863144, OQ863145

(Continued )
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19 terminals and 230 pb. Both matrices were 
aligned separately, cox1 matrix was aligned manually 
while ITS2 was aligned using the multiple alignment 
in Geneious Prime 2021.0.3 software using gaps. 
Selection of the best model of substitution and best 
codon partition scheme was calculated using 
PartitionFinder2 (Lanfear et al. 2017). The corre
sponding evolutionary model for the cox1 was GTR 
+G (1, 3), F81 + G (2). For the ITS2 gene, the 
evolutionary model used was JC. Bayesian inference 
method was implemented in the MrBayes v.3.2.6 
program (Huelsenbeck & Ronquist 2001; Ronquist 
et al. 2012) and consisted of two simultaneous runs 
of 50 million generations each, sampling trees every 
10,000 generations. Mixing and convergence among 
runs were evaluated by checking the average stan
dard deviation of split frequencies and the Effective 
Sample Size (ESS) values and Potential Scale 
Reduction Factor (PSRF) for each parameter. 
A majority consensus tree was reconstructed after 
discarding the first 25,000 sampled trees as burn-in. 
All analyses were run in the public resource CIPRES 
Science Gateway v.3.3 (Miller et al. 2009).

Phylogeographic analyses were performed inde
pendently using cox1 mitochondrial data and ITS2 
nuclear data. DNA Sequence Polymorphism 
v.6.12.03 (Rozas et al. 2017) was used to collapse 
sequences to haplotypes or unique alleles. Allele 
networks were constructed through Population 
Analysis with Reticulate Trees (PopART) v.1.7 
(Leigh & Bryant 2015) applying a TCS algorithm 
(Clement et al. 2002) to estimate relationships 
among alleles.

The divergence times for each splitting event 
was estimated in BEAST v.2.5.2 (Bouckaert 

et al. 2019) using the cox1 dataset and applying 
a Bayesian uncorrelated lognormal relaxed clock 
model (Drummond et al. 2006). The model of the 
molecular substitution was estimated with the 
package bModelTest (Bouckaert & Drummond  
2017). Mean and standard deviation of the sub
stitution rate followed the rate estimated by 
Papadopoulou et al. (2010). Accordingly, the 
ucld.mean parameter for the cox1 marker was 
assigned a lognormal distribution in real space, 
with initial value: Log(Mean): 0.0168 and 
Log(Stdev): 0.0018. The Yule model (Heled & 
Drummond 2012) was used as a tree prior. 
Analysis was run for 100 million generations, sam
pling every 1000 generation. To assess the con
vergence of the Markov Chain Monte Carlo 
(MCMC) run, the trace plots and effective sample 
sizes were inspected in Tracer v.1.7.2 (Rambaut 
et al. 2018). After discarding the burn-in (25%), 
the remaining trees were employed to build 
a maximum-clade credibility (MCC) tree with 
95% high-posterior density (HPD) credibility 
intervals of ages using TreeAnnotator v.2.6.4 
(Rambaut & Drummond 2021) included in the 
BEAST package. Trees were visualized with 
FigTree v.1.4.4 (Rambaut 2018).

2.4 Morphological analyses

Species identification was carried out following 
Plaza-Infante (1985) and Leblanc (2002, 2007). 
Specimens were also dissected to extract the male 
paramera of the genitalia, used as an identification 
character for species of Mediimorda.

Table I. (Continued). 

Taxon Locality
MNCN Entomology 

collection number GenBank cox1 accession number
GenBank ITS2 

accession number

Mediimorda 
bipunctata

Spain: Cáceres: 4 km East of 
Hervás

325531, 325532, 325534 OQ863103, OQ863104, OQ863106 OQ914297, 
OQ914295, 
OQ914296

Mediimorda 
bipunctata

Spain: Guadalajara: 2.3 km 
Southeast of Uceda

331078, 325611 OQ863091, OQ863182 OQ914293, 
OQ914294

Mediimorda 
bipunctata

Spain: Guadalajara: 2.5 km East 
of Puebla de Valles

325546 OQ863117

Mediimorda 
bipunctata

Spain: Madrid: 2 km South of 
La Cabrera

325590, 325591 OQ863161, OQ863162 OQ914291, 
OQ914292

Mordellistena Spain: Zaragoza: 5 km Southeast 
of Sos del Rey Católico

325644 OQ863195

Stenalia Spain: Navarra: 2 km North of 
Rípodas

325635 OQ863194

Variimorda Spain: Zaragoza: 3 km North of 
Urriés

325634 OQ863193 OQ914298
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Extended depth-of-focus images, of dry-mounted 
specimens were taken on a Leica DFC450 stereo
microscope, with magnification up to 120×, illumi
nated with diffuse light, using the LAS X software 
from Leica Microsystems.

2.5. Map modelling

To obtain the potential distribution of each spe
cies, species distribution models (SDMs) were 
calculated and the macroclimatic niche of the 
species were estimated using the Maximum 
Entropy Algorithm (Maxent) v.3.3.3k (Phillips 
et al. 2006; Phillips & Dudík 2008). Based on 
the sampled specimens, collection material 
(MNCN) and literature records (Ermisch 1969; 
Batten 1976; Plaza-Infante 1985; Ruzzier 2013), 
a total of 83 localities including all the known 
localities of M. batteni and many localities of 
M. bipunctata, were used. See Supplementary 
Table S1 for more details. A set of bioclimatic 
variables downloaded from WorldClim v 2.0 with 
a resolution of 30s (~1 km) were used (Fick & 
Robert 2017). To only consider the relevant bio
logical variables into consideration a correlation 
and variance inflation factor analysis (vif) was 
performed using the corrgram (Wright 2018) and 
HH (Heiberger 2020) packages in R (v.4.0.1 
www.r-project.orgi). After removing the variables 
with high correlation values (Pearson’s correla
tion coefficient >0.8 and vif >10), the Mean 
Diurnal Range (Bio02), Isothermality (Bio03), 
Maximum Temperature of Warmest Month 
(Bio05) and Precipitation of Wettest Month 
(Bio13) were used to generate the model. To 
construct the Maxent model, default configura
tion with 10 replicates and a regularization multi
plier (beta) of 2 were used, to produce a general 
response shape representing a more biologically 
realistic behaviour (Radosavljevic & Anderson  
2014). To omit the less suitable records, the 
10th percentile training presence threshold was 
set. The model was evaluated using the “area 
under the curve” (AUC) values obtained for the 
training data. With the Maxent model, the 
response curves of the climatic variables were 
also calculated, to show which ranges of the 
environmental conditions are more favourable 
for the distribution of the species. To better 
understand the species distribution, the resultant 
models were converted in a presence/absence 
map using the 10-percentile training presence 
threshold as a binary threshold.

3. Results

3.1 Phylogenetic results and divergence time estimates

Bayesian hypotheses derived from the mitochondrial 
cox1 dataset recovered two well-supported groups 
(clades A and B) with posterior probability (PP) of 
1 and 0.99 respectively. These clades can be mor
phologically assignable to M. bipunctata (clade A) and 
M. batteni (clade B) (Figure 1). The Bayesian phylo
gram derived from the nuclear marker ITS2 was 
completely congruent with the mitochondrial 
(Figure 2). Populations of M. bipunctata (clade A) 
are distributed in Central Spain while M. batteni 
(clade B) has a wider distribution encompassing the 
central and northern parts of the Iberian Peninsula, 
with a locality from southern Spain (Figures 1 and 2). 
Our divergence time estimation suggests that these 
two clades began to diverge during the Pliocene 
[3.42 Ma Mean; 95% highest posterior density 
(HPD) = 5.74–1.39 Ma] (Figure 3).

3.2 Phylogeographic structure

The specimens of M. batteni (clade B) analysed for 
mitochondrial cox1 are represented by 47 haplotypes 
in the TCS network, depicting a multiple star pat
tern and high haplotype diversity with 38 different 
single individual haplotypes, characteristic for popu
lations that have been stable in a geographic area for 
a comparatively long period (Figure 4(a)). 
Haplotypes of M. batteni are widespread across the 
Iberian Peninsula, including the Central Mountain 
System, the Iberian Mountain System, the Northern 
Iberian Plateau, the Pyrenees and Sierra Tejeda. 
One haplotype present in 20 individuals is found in 
specimens distributed throughout the region, evi
dencing a total absence of geographic structure 
within the species. Specimens of M. bipunctata 
(clade A) are represented by three different haplo
types occurring in populations in the Central 
Mountain System and constituting a cluster that is 
widely separated from the specimen representing 
M. batteni (clade B) (Figure 4(b)).

Phylogeographic analyses of the ITS2 nuclear 
data gave two different nuclear alleles; one isolated 
allele corresponding to M. bipunctata that is sepa
rated by 10 positions from the other allele represent
ing M. batteni (Figure 5).

3.3 Morphological analyses

After reviewing various morphological characters 
likely useful to discriminate between M. batteni 
and M. bipunctata, we agree with Plaza-Infante 
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(1985) and Leblanc (2002, 2007) that characters 
in the male genital paramera are the most useful. 
Genital paramera are longer in M. batteni 
(>1 mm) than in M. bipunctata (<1 mm) and the 
shape of the paramera also differs between the two 
species. In M. batteni dorsal branch of the right 
paramere is straight and pointed apically (Figure 7 
(b)), while it is curved and blunt in M. bipunctata 

(Figure 7(e)); the apex of the ventral branch is 
comparatively broad in M. batteni, while it is 
more curved and slender in M. bipunctata 
(Figure 7(b,e)). In M. batteni the apex of the left 
paramere is spatulated (Figure 7(c)), while it is 
pointed in M. bipunctata (Figure 7(f)). On the 
other hand, coloration is quite variable and cannot 
be used as a diagnostic character.

Figure 1. Bayesian phylogenetic tree based on cox1 mitochondrial data. The colours represent the different mitochondrial lineages 
recovered in this study: Mediimorda bipunctata (Germar, 1827), clade A (Orange) and Mediimorda batteni Plaza-Infante, 1985, clade 
B (blue). Numbers near the main nodes indicate Posterior Probabilities values (PP). Localities of the specimens are represented in the 
Iberian Peninsula map, where all specimens of clade A share the same locality with clade B.
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3.4 Climatic niche

The climatic niche models (Figures 6 and S1) 
depicting the potential distribution of the two spe
cies had high AUC test values for both M. batteni 
(AUC = 0.849) and M. bipunctata (AUC = 0.952). 
The models show that the two species have an 
almost overlapping potential distribution in the 

Iberian Peninsula, with highly suitable areas in the 
central and north-eastern parts of the peninsula 
(Figures 6, S1 and S3).

A Jackknife test showed that the four bioclimatic 
variables contributed unequally to the model. For 
M. batteni isothermality (Bio03) and precipitation of 
wettest month (Bio13) where the variables that 
accounted for the highest gain, while for 

Figure 2. Bayesian phylogenetic tree based on ITS2 nuclear data. The colours represent the different species: Mediimorda bipunctata 
(Germar, 1827) (Orange) and Mediimorda batteni Plaza-Infante, 1985 (blue). Posterior probabilities (PP) are indicated for each of the 
main clades. Localities of the specimens are represented in the Iberian Peninsula map.

Figure 3. Chronogram showing lineage divergence times based on cox1 mitochondrial data. The x-axis depicts time indicated in million 
years (Ma) and the corresponding geological periods. The 95% highest posterior density (HPD) intervals are represented by blue bars.
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M. bipunctata it was the maximum temperature of 
warmest month (Bio05). The response curves of the 
bioclimatic variables show similar responses for cli
matic niches for both M. batteni and M. bipunctata, 

except that M. batteni shows a wider range of suit
ability for Bio03 and a more restricted range for 
Bio13 (Figure S2).

4. Discussion

4.1. Species differentiation and morphological change

Bayesian phylogenetic reconstruction analyses based 
on mitochondrial (cox1) (Figure 1) and nuclear 
(ITS2) (Figure 2) data support the existence of 
two well-differentiated lineages of Mediimorda in 
Central Spain. Mitochondrial and nuclear networks 
(Figures 4(b) and 5) depict two isolated clusters 
corresponding to M. batteni and M. bipunctata. 
Congruence between mitochondrial and nuclear 
DNA data suggests the absence of gene exchange 
between M. batteni and M. bipunctata, providing 
evidence for historical isolation between the two 
lineages that exists today, with no signals of hybri
dization (Crandall et al. 2000).

Our divergence time estimates suggest that 
M. bipunctata and M. batteni began to diverge 
around 3.42 Ma ago, during the Pliocene 
(Figure 3). Early and Middle Pliocene were char
acterised by warm climate, while the climate 
became highly variable during Late Pliocene 
(Haywood et al. 2000, 2009; Fedorov et al.  
2013; Burke et al. 2018). In many organisms, 
speciation frequently took place during the glacial 

Figure 4. (a) TCS network of Mediimorda batteni Plaza-Infante, 1985 based on cox1 mitochondrial marker. (b) TCS network of Iberian 
Mediimorda bipunctata (Germar, 1827) based on cox1 mitochondrial marker, including one specimen of M. batteni. The size of the circles 
indicates the relative frequency of sequences belonging to a particular allele. Inferred intermediate haplotypes are represented by small 
black circles. Mutations are represented by hatch marks. Colours correspond to the geographic origin of the specimens as seen in the 
Iberian Peninsula map, showing the absence of geographic structure in the network.

Figure 5. Allele network of Mediimorda batteni Plaza-Infante, 
1985 and Mediimorda bipunctata (Germar, 1827) based on ITS2 
nuclear marker. The size of the circles indicates the relative 
frequency of sequences belonging to a particular allele. 
Mutations are represented by hatch marks. Colours correspond 
to the geographic origin of the specimens and Orange haplotype 
correspond to a M. bipunctata specimen.
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periods in Late Pliocene and Pleistocene (Veith 
et al. 2003; Carisio et al. 2004). In Southern 
Europe the dramatic climate changes often lead 
to isolation of populations in glacial refugia 

(Veith et al. 2003; Carisio et al. 2004; Hewitt  
2011a; Moura et al. 2019). Mediimorda species 
commonly inhabit warm Mediterranean grass
lands, and the major climatic changes during 

Figure 6. Potential geographic distribution of Mediimorda batteni Plaza-Infante, 1985. Red indicates areas of high suitability, and blue, 
areas of low suitability. Blue dots correspond to sampled specimens and green dots to previously published data (Supplementary Table 
S1).

Figure 7. (a) Mediimorda batteni Plaza-Infante, 1985 habitus (MNCN_Ent 304450, holotype), (b) right paramere, (c) left paramere. (d) 
Mediimorda bipunctata (Germar, 1827) habitus (MNCN_Ent 305305), (e) right paramere, (f) left paramere. Scale bar 1 mm.
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Late Pliocene might have resulted in isolation and 
subsequent speciation.

Despite their relatively high genetic divergence, 
the two lineages of Mediimorda are very similar in 
external morphology (Figure 7(a,d)). Although 
slight differences between M. batteni and 
M. bipunctata can be seen in the colour pattern of 
the dorsal setation (Figure 7(a,d)), these differ
ences can be the result of individual variation (see 
Leblanc 2007). Morphological similarity can be 
a consequence of ecological stability as the two 
species likely experienced similar environmental 
pressures throughout their evolutionary history 
(Zhao et al. 2019). Alternatively, the similarity 
can be a consequence of morphological stasis, i.e. 
slow evolution rates in morphological characters 
(Hedin 2001). General morphological homogene
ity within the family Mordellidae is discussed by 
Liljeblad (1945); Jackman and Lu (2002); 
Serrahima (2011); Ruzzier (2013). This morpho
logical homogeneity might be caused by morpho
logical stasis derived from developmental or 
evolutionary constrains, acting very early during 
the origin of the family (see e.g. Smith 1983; 
Wake et al. 1983; Eldredge et al. 2005). The 
strong similarity in external morphology observed 
in M. batteni and M. bipunctata could thus also be 
a consequence of morphological stasis that not 
only act at the family level, but also at lower taxo
nomic levels.

However, M. bipunctata and M. batteni can be 
separated by the size and shape of the male genitalia 
(Figure 7) (Plaza-Infante 1985; Leblanc 2002,  
2007). The distinctive development of insect geni
talia can be caused by character displacement 
between closely related species with similar external 
morphology and behaviour (Shapiro & Porter 1989; 
Eberhard et al. 1998). The long isolation between 
M. bipunctata and M. batteni during Pliocene might 
have provided enough time for the male genitalia to 
differentiate enough to give complete reproductive 
isolation. External morphological traits have on the 
other hand not diverged noticeably due to the gen
eral trend of stasis in Mediimorda. However, this 
hypothesis cannot be tested without a phylogeny of 
the genus that establish if M. batteni and 
M. bipunctata are sister species or not.

4.2. Sympatry and life history

The phylogeographic analyses (Figures 1 and 2) 
together with the presence/absence map (Figure 
S3) demonstrate the partial sympatric and syntopic 
distribution of M. batteni and M. bipunctata in 
Central Spain. The presence/absence map shows 

that the predicted area of presence of M. bipunctata 
and M. batteni largely overlaps. In fact, all specimens 
of M. bipunctata were collected in localities where 
M. batteni also was present. Observations on the 
ecology of M. batteni agree with previous descrip
tions of its habitat; the species is usually found dur
ing hot summer days in semiarid grasslands and 
ruderal ecosystems where flowers of Apiaceae are 
abundant (Abdul-Rassoul 2010; Serrahima 2011; 
Ruzzier et al. 2017; Selnekovič & Ruzzier 2019).

Potential distribution models (Figures 6 and S1) 
and ecological response curves (Figure S2) show 
that M. bipunctata and M. batteni share a similar 
ecological niche and suggests that there is no ecolo
gical segregation between them. Considerable over
lap was found in the climatic niches. Both species 
were constrained by a set of environmental condi
tions: Temperature of the Warmest Month (Bio05), 
Mean Diurnal Range (Bio02) and Precipitation of 
Wettest Month (Bio13). The optimal values of these 
climatic variables were found to be high maximum 
temperatures and moderate diurnal temperature 
fluctuations. However, the response curves for 
M. batteni and M. bipunctata varied for two of the 
climatic variables. Values of isothermality (Bio03) 
were lower in M. batteni than in M. bipunctata, 
which indicates that M. batteni prefers niches 
where the diurnal temperature oscillations relative 
to the annual oscillations are larger than in 
M. bipunctata. For precipitation of wettest month 
(Bio13), M. batteni shows a narrower range of suit
ability with preference for lower precipitation levels. 
The climatic variables Bio03 and Bio13 may thus 
explain the preference of M. batteni for the conti
nental climate in Central Spain. This subtle differ
ence in the ecology may be the key factors letting 
them coexist in sympatry until one excludes the 
other by competition according to Hardin’s princi
ple (Hardin 1960).

In conclusion, it is plausible that M. bipunctata 
and M. batteni diverged in two different geographic 
areas by allopatric speciation, in which geographical 
barriers initiated reproductive isolation and subse
quent population divergence. Their current sympa
tric distribution may be the result of range changes 
occurring after the allopatric speciation, as range 
movements over time can produce areas of sympatry 
even though the distribution of sister species are not 
expected to overlap following the speciation event 
(Barraclough & Vogler 2000). Mediimorda bipunctata 
may have extended its geographic range westwards 
from Plio-Pleistocene refugium like the Balkan 
Peninsula (Hewitt 1999, 2011b), reaching the 
Iberian Peninsula during the Quaternary. The 
Iberian Peninsula might have served as a glacial 
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refugium for M. batteni, and M. bipunctata could 
have established contact with M. batteni populations 
in the Iberian Peninsula after the two species were 
fully reproductive isolated. This would explain the 
present sympatric distribution and the absence of 
hybridization between these two closely related 
species.

Although the geographic distribution of M. batteni 
seems to be restricted to the Iberian Peninsula by 
climatic conditions, the allele network reflects high 
intraspecific genetic diversity with no specific geo
graphic structure, suggesting a high level of dispersal 
within its geographical range (Figure 4(a)). The lack 
of geographic population structure as seen in 
M. batteni, is not common, even among flying 
Coleoptera (Abellán et al. 2007; Drag et al. 2018; 
Brunetti et al. 2019). However, the absence of geo
graphic structure suggests that M. batteni comprises 
a single panmictic population that is widely distrib
uted in the Iberian Peninsula. Among the factors 
that may explain the absence of geographic struc
ture, is a high dispersal rate combined with a large 
effective population size (see Marandel et al. 2018). 
Field records and previous literature on mordellids 
demonstrate that these beetles can be very abundant 
during spring and summer throughout most of their 
range. During the present study more than 200 
specimens of M. batteni were observed on a single 
flowering Eryngium campestre. Therefore, M. batteni 
population size could be another reason to favour 
the existence of a panmictic structure over the entire 
species range (Marandel et al. 2018), but population 
and demographic analyses need to be performed to 
corroborate this hypothesis.
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