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Mitochondrial DNA sequence variation and
phylogeography of Pimeha darkling beetles
on the Island of Tenerife (Canary Islands)
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Four morphological taxa of the beetle genus Pimelia (Coleoptera, Tenebrionidae) are known
to exist on the Atlantic island of Tenerife. We have obtained DNA sequences for 61 individ-
uals from these taxa across the island for a 200 bp long fragment of the mitochondrial COl
gene. In addition, a restriction site polymorphism in the nuclear rRNA ITS-i sequence was
identified and screened in a sample of these individuals using the enzyme 4n21. The results
were analysed using approaches which allow inferences to be made about the population
genetic structure and the mitochondrial genealogy of these closely related beetles. The mtDNA
haplotype distribution and the estimates of sequence divergence revealed the presence of two
ancient mtDNA lineages which coincide with the disjunct volcanic evolution of the island. The
ITS-i polymorphism was found to be diagnostic of these two lineages. However, the morpho-
logical and mitochondrial phylogenies were found to be discordant. We argue that this is
possibly the result of rapid morphological change, produced by selection in different habitats,
which has been recently superimposed on an older mitochondrial DNA divergence.

Keywords: beetle, cytochrome oxidase I, Canary Islands, mitochondrial DNA, phylo-
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east coastal and intermediate locations, Pimelia
radula ssp. ascendens Woll. in mountainous areas at
about 1000—3000 m altitude, and finally Pimelia
canariensis Brulle which is found in coastal areas on
the south-southeastern side of the island (Fig. 1). Of
these, P radula ssp. granulata and P radula ssp.
ascendens show continuous variation for some
morphological characters, particularly the shape and
sculpture of the elytra. There is some doubt about
the subspecific status of P radula ssp. granulata and
P radula ssp. ascendens because a taxonomic study
using morphological and immunological characters
has revealed that the evolutionary distance between
these two taxa is larger than the distances between
any other Canarian Pimelia subspecies (Oromi,
1979).

Studies of intraspecific population structure using
mitochondrial DNA data have shown that mtDNA
haplotypes are frequently geographically localized
within a species and that it is possible to deduce
from this the phylogeography (Avise, 1994) which
relates the location of mitochondrial clones with
their position in a gene tree. Two factors contribute

Introduction

Island biota provide useful models to test many
evolutionary hypotheses including those pertaining
to sequential colonization, adaptation and drift-
induced population differentiation (Brown et al.,
1993). The oceanic Canary Islands have been avail-
able for colonization for the last 15—20 million
years, and have important endemic flora and fauna
(Anguita & Hernan, 1975). The latter include flight-
less tenebrionid beetles, some of which have radi-
ated into a number of closely related but
morphologically distinct forms. One such group is
the genus Pimelia.

OromI (1982) identified four different taxa of this
genus on the island of Tenerife based on morpho-
logical characteristics: Pimelia radula with the
subspecies radula Sol. in northern coastal areas,
Pimelia radula ssp. granulata Woll., found in north-
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to the phylogeographical patterns deduced in this
manner. First, current genetic and demographic
processes such as isolation by distance or physical
barriers, gene flow, drift and differential selection,
and secondly, historic colonization patterns which
can lead to hierarchical descent. The former require
classic population genetic approaches of analysis
whereas in the latter, the emphasis is on phylo-
genetic approaches. Templeton et al. (1995) stress
that both factors contribute significantly to phylo-
geographical patterns. Although the two fields
operate on seemingly irreconcilable paradigms,
coalescent theory (Kingman, 1982) has initiated a
process of integration between them.

Various studies have demonstrated the utility of
molecular markers to address systematic and popu-
lation genetic questions in insects. Phylogenetic
analyses based on mitochondrial and ITS-i rDNA
sequences of North American Tiger beetles have
been carried out by Vogler & Dc Salle (1993, 1994).
It is also possible, under the assumptions of the
phylogenetic species concept (Davis & Nixon, 1992)
where a species is defined as a population or group
of populations diagnosable by a unique combination
of character states, to carry out systematic analyses
using these markers. Thus, DNA sequences can be
used in the phylogenetic analysis of closely related
species or populations to identify shared derived
characters using individuals as terminal units in the
analysis (Vrana & Wheeler, 1992).

In a recent paper Juan et al. (1995) showed that
the molecular phylogeny of Canarian Pimelia beetles
using mtDNA COl sequence variation allows one to
deduce monotonic relationships between the
different island species complexes. Here we apply
similar techniques to investigate both demographic
and taxonomic relationships within and between
closely related species and populations of Pimelia
from Tenerife.

Previous taxonomic studies on other Tenerifean
beetles (Cobolli Sbordoni et a!., 1991) and stegana-
carid mites (Avanzati et a!., 1994) have used allo-
zyme electrophoresis and morphological characters.
These papers suggest that palaeogeographical events
in the formation of Tenerife could be responsible
for the present distribution and species status of
these taxa in the island. Extensive dating in Tenerife
has shown that relatively recent volcanic activity
(beginning about 2 My ago) resulted first in the
formation of the Las Cañadas and later the Teide-
Pico Viejo volcanos with the resulting massive lava
flows joining, but not covering, two or maybe three
older islands (Ancochea et al., 1990). These older
parts are the present Anaga, Teno and Roque del

Conde massifs (Fig. 1), most of the surface of
Tenerife today being relatively young terrain. It has
been hypothesized that the old parts could have
acted as refugia for ancestral populations (Cobolli
Sbordoni et al., 1991; Avanzati et a!., 1994), provid-
ing animal and plant colonizers which expanded
relatively recently to the newer parts of the island.

In this study, we have used PCR techniques
coupled with direct DNA sequencing by automated
methods. This approach facilitates the analysis of a
large number of individuals in a relatively short
period of time and gives quality phylogenetic infor-
mation. We have obtained DNA sequences for a
fragment of about 200 bp from the cytochrome
oxidase I gene in 61 individuals of Tenerifean
Pimelia for all taxa across their known distributions.
Also, a diagnostic polymorphism in the nuclear
rDNA ITS-i sequence has been studied by restric-
tion enzyme analysis. The treatment of different sets
of data when conducting phylogenetic analysis has
been a matter of debate. Kiuge & Wolf (1993) advo-
cate the use of combined data sets as 'total
evidence'. On the other hand, Swofford (1991)
points out that combining data pertaining to charac-
ters which may have evolved heterogeneously can
result in loosing substantial phylogenetic informa-
tion. We have explored both recommendations.

Our study has three goals. First, we examine the
degree of genetic differentiation within and among

Fig. 1 Map of the island of Tenerife showing the locations
sampled. The codes are as in Table 1. The oldest parts of
the island are indicated (striped regions).
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the Pimelia populations. Secondly, based on the
phylogenetic species concept, we identify discrete
phylogenetic units using mitochondrial DNA and
ITS-i characters. Thirdly, we have examined the
concordance of our results with the palaeogeography
of the island of Tenerife and with the classical
morphological taxonomy of these Pimelia taxa.

Materials and methods

Sampling

The Pimelia samples were collected from the island
of Tenerife at localities and in numbers listed in
Table 1. A North African Pimelia sp. (P grandis) was
used as an outgroup in the analysis. The insects were
preserved in absolute ethanol or sent alive by mail
to the laboratory.

DNA preparation, PCR ampilfication and
sequencing

DNA was extracted and purified following the
methods described in Juan et al. (1995). The oligo-
nucleotides used to amplify the COl DNA fragment
of 255 bp length, including primers, were: 5'-CCT-
ACAGGAATTAAAGTTTTTAGATGATTAGC-3'
and5 '-ATAGGGGGAATCAGTGAACTAGTCC-3'.
Their 5' end positions correspond to 2410 and 2665
sites of the Drosophila yakuba mitochondrial
genome. Each PCR cycle comprised denaturation at

94°C for 30 s, annealing at 50°C for 1 mm and
primer extension at 72°C for 1 mm. Purification of
single-stranded DNA was made by using one of the
two primers biotinylated at its 5' end in the PCR
reaction. The two DNA strands were separated with
magnetic beads coated with streptavidin (DYNAL)
according to the manufacturer's recommendations.
The sequences were generated using the dideoxy
Sanger method with fluorescinated sequencing
primer and the Pharmacia ALF automatic sequen-
cer. Sequence data were aligned and analysed using
the Lasergene program MEGALIGN (DNASTAR,
West Ealing, London, 1992).

The intergenic spacer 1 (ITS-i) of rDNA was
PCR-amplified using the primers 5'-TCCGTAGGT-
GAACCTGCGG-3' and 5'-GCTGCGTITCTTCAT-
CGATGC-3' (White et al., 1990). A diagnostic
restriction site was screened by digesting the purified
PCR product with the restriction enzyme Kpn2I.
The digests were run in 1 per cent agarose gels in
TBE (45 mi Tris-borate, 1 ifiM EDTA) with 0.5 pg
mL1 ethidium bromide. Bands were visualized
under UV light after running the gels at 5 volts cm'
for 1 h.

Population and phylogenetic analyses

The statistics NST (Lynch & Crease, 1990) and K,
(Hudson et al., 1992) were used to estimate genetic
differentiation between populations. These statistics

Table 1 Sampling locations, sample sizes (N) and mitochondrial COl haplotypes
of Tenerifean populations of Pimelia

Code Location mtDNA types N

Pimelia radula ascendens
IZ Izaña tO, ti, t2, t3, t4, t5, t6, t7, t8 11

LC Las Cañadas tO, ti, t7, t9, tiO 10

LL
PE
LM

Las Lagunetas
Puerto Erjos
Las Manchas

t23, t24, t25, t26, t27, t28, t30
til, t12
t13, t14

8
2
2

SJ San José de los Lianos ti5, t16, t17, t18, t19, t20 7

P1 El Pinar de Chio t7 1

P canariensis
MG
MR

Malpais GUimar
Montana Roja

t21
t21, t22

1

4

SC Sta. Cruz
P radula granulata
t29, t30 3

LR Los Rodeos t30, t31, t32, t33 6

P radula radula
LV La Vera t34, t35 6
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measure whether pairs of populations from the
localities of interest are genetically different
from each other either pairwise (KST), or by treating
them as subdivisions of a larger population that
includes all the localities (NSST). Randomization
tests were carried out following the procedures
suggested by Hudson et a!. (1992; see also Cooper et
al., 1995).

We carried out maximum parsimony analysis
using PAUP version 3.1.1 (Swofford, 1993). To avoid
an island of local tree optima, heuristic
searches with 100 replications of random addition of
taxa were performed; the results were identical for
both the ACCTRAN and DELTRAN optimisation
options of PAUP. The strict consensus option was
used to produce a single tree. Confidence of nodes
in the tree was tested by calculating decay indices as
the number of extra steps necessary for a monophy-
letic dade not to be unequivocally supported in the
strict consensus tree (Bremer, 1988). Population
aggregation analysis was performed according to
Davis & Nixon (1992). Total substitution rates were
calculated using the Kimura 2-parameter model
(Kimura, 1980).

Results

COl sequence data

A total of 61 individuals from 12 populations of all
Tenerifean Pimelia taxa were sampled (Table 1).
The analyses of the sequence data showed that
among all individuals studied, 36 nucleotide posi-
tions out of 200 were polymorphic. Of these posi-
tions, 29 differed by transitional substitutions only,
three differed by transversional changes and four by
both transitions and transversions at the same posi-
tion. All substitutions occur at silent first and third
codon positions. The variable sites defined 36
different haplotypes (Fig. 2) designated tO to t35. Six
representative haplotypes have been deposited at
the EMBL data library under accession numbers
X97125—X97130. The entire alignment is available
from the authors on request. The Kimura 2-para-
meter distances between haplotypes ranged from a
minimum of 0.51 per cent to a maximum of 13.98
per cent (matrix can be provided on request).

The 36 different haplotypes plus a continental
outgroup, P grandis (North Africa) were used in an
heuristic search with PAUP using random addition of

Fig. 2 Polymorphic nucleotide posi-
tions defining the 36 COT mitochon-
drial haplotypes found in Tenerifean
Pimelia and the outgroup Pimelia
grandis. Identity to the sequence of the
to haplotype is indicated by a stop.
Five more sites in addition to the 42
shown here were variable in P grandis.

The Gerietical Society of Great Britain, Heredity, 77, 589—598.

Pos it ion 561122223334556677788911111111111111111111
4503692384390814736800122233444666778889

14005814369124362584
Haplotypetotit2
t3t4t5t6
t7
t8
t9
tbtilt12t13t14t15t16
t17tbt19t20
t21
t2 2t23t24
t25t26
t27t28t29t30t31t32t33t34
t35
grandis

TGATTCATTTAACTC CATAAAC TATTC TT TATTACAATCTCA

C IC C...C..GC C....
C TC.TT..CT..C

TC...T.. .TC.CTTC...T.. .TC.TT..CT...
C

C T
C

T T
...CCT..C TC...T....C.TT...T...

G.G C T
C....C T

C T
...C C G

TC...T..CT
...C C CG T.
...C.T C CG

C C
TC...T.. .T..TT.. .T...

...CCT..C TC...T...TC.rT...T...

...CCT..C TC...T TT...T...
C....TGACC.T.C...AG.TT...CTC..TCCC.TTT
C....TGACC.TTC...AG.Tr C..T.C..T..T.T.
C....TGACC.TTC...AC.TT....TC..TCC T.T.
C....TGACC.TTC....A. .TT....TC. .T.C T.T.
C....TGACC.T.C....AG.TT...CTC. .TCCG.T..T.T.
C....TGACC.TTC...AG.TT..CCTC. .TCC. .T..T.T.
C...CTGACC.TTC...A..TT....TC..I.C..T..T.T.
C....TGACC.TTC...A..TT....TC..T.C..T..T.T.
C....T.ACC.TPC...A..TT..C.TC..TCC..T..T.T.
C....T.ACC.TTC...A. .TT....TC. .T.C..T..T.T.
C....T.ACC.TTC...AG.TT...CTC..T.C..T..TT.
C....T.ACC.C.C GTT...CT...T.C....CTCT.
C....T.ACC.C.C.T...GTT...CTC. .TCC. ..GCTCT.
CC.CC.G.C.TT.CT.T.•.P.CC.TCCC..C..G..T..



Fig. 3 Strict consensus tree of 1533
equal-length parsimony trees for the
mitochondrial haplotypes of Pimelia in
Tenerife and a North African
outgroup, P grandis. Numbers below
the nodes correspond to Bremer's
decay indices (see text). Unambiguous
changes (empty rectangles for mtDNA
and filled rectangle for ITS-i) are
mapped on clades as discussed in the
text.
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taxa. In this search 1533 most parsimonious trees of
105 steps were encountered. Two major groups or
haplotype assemblages are defined in the strict
consensus tree (Fig. 3); one assemblage comprises
the haplotypes tO to t22, and the other includes
haplotypes t23 to t35. Seven extra steps were necessary
to collapse these two monophyletic clades (decay
index = 7). Within the two main haplotype assemb-
lages, the robustness of most of the nodes is weak
(decay indices = 1—2), but within the second assem-
blage (t23—t35), the haplotypes t34 and t35 form a
sister lineage to the remaining haplotypes (t23 to
t32) which is supported by a decay indexof 6.

Evolutionary distances calculated by the method
of Kimura show an average of 11 per cent nucleo-
tide sequence divergence between the two haplotype
assemblages. A Neighbor-Joining phenogram based
on the matrix of pair-wise comparisons of all haplo-
types showed the same topology as in Fig. 3 for the
relationship of the main groups.

The Genetical Society of Great Britain, Heredity, 77, 589—598.

ITS-i polymorphism

The rDNA ITS-i sequences were amplified by PCR
and sequenced for about 250 bp in six individuals
from different populations. A unique polymorphic
site was found (AJG) among these individuals. This
site could be tested by a diagnostic restriction
enzyme recognizing the sequence TCCGG (Kpn2I);
the site was disrupted if an A was present at the
fourth nucleotide position instead of a G. A total of
30 individuals were screened by Kpn 21 digestion,
revealing a complete correspondence between the
major mtDNA and ITS-i types; ITS-i PCR products
of the individuals from the first mtDNA assemblage
(mitochondrial haplotypes tO—t22) were not cut by
Ron21, whereas all the individuals of the second
assemblage plus the outgroup showed digestion at
this site. A phylogenetic analysis using a combined
approach (Kiuge & Wolf, 1993), rendered exactly
the same strict consensus tree as the mitochondrial
data alone.
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Fig. 4 Map of the island of Tenerife showing the
geographical distribution of mitochondrial haplotypes and
their simplified phylogenetic relationships. The four
morphological forms are represented by different symbols.

Geographical distribution of hap/otypes

Only five of the 35 unique haplotypes are shared by
different populations (see Table 1): tO and ti are
present in IZ and LC populations of P radula ssp.
ascendens, and t7 is in LC and PT. The haplotype t30
is shared by LL, SC and LR, and so is present in at
least one population of I? ascendens (LL) and in the
two populations studied of P granulata (SC and LR).
The two populations of P canariensis share one of
the haplotypes (t21).

If we relate the haplotype distribution to
geographical location (Fig. 4), haplotypes t23 to t35
are present in the north-east side of the island at
low—moderate altitude, with the individuals carrying
them reaching a maximum altitude of about 1500 m
in the LL population. Haplotypes tO to t20 are found
at medium—high (1000—3000 m) altitude in areas of
the central and western parts of the island. Finally,
the haplotypes t21 and t22 belong to individuals
which occur in coastal volcanic sands and ashes of
the south-east part of the island. Therefore, the
haplotype assemblage tO—t22 is composed of the
mountainous P radula ssp. ascendens distributed in
all the high altitude volcanic terrains plus the

morphologically different P canariensis which occurs
along the coasts of the south-east. Haplotype assem-
blage t23—t35 includes one population of lower alti-
tude, P radula ssp. ascendens, and the morphological
races P radula ssp. granulata and P radula ssp.
radula in the north-east side of the island. Despite
considerable searching effort, no individuals were
found in the older massifs of Teno and Anaga (Fig.
1), although rare specimens have been reported
some time ago in the latter.

Population aggregation analysis

Population aggregation analysis is a method
designed to diagnose phylogenetic species (Davis &
Nixon, 1992). If no character distinguishes two local
populations, these belong to the same species.
Successive rounds of aggregation of populations and
aggregated population groups which are not distinct
from each other identify the phylogenetic units from
which hierarchical descent relationships can be
inferred.

The grouping of populations using the mtDNA
sequence data revealed two consistent phylogenetic
units separated by a total of seven characters. One is
constituted by the north-east populations (SC, LR,
LL and LV) and the other by central and south-east
populations (IZ, LC, MR, PT, LM, SJ, PE). These
two phylogenetic species are deduced if the same
analysis is performed for the ITS-i polymorphism.
No other fixed differences are present in the central
and south-east populations, but the populations
from the north-east of the island can be subdivided
into additional species. The LV population shows
five characters that distinguish it to the exclusion of
other populations, and the LL population has one
fixed difference. Therefore, we can conclude that
four different phylogenetic units can be diagnosed
based on mtDNA sequences. Furthermore, although
the morphologically defined taxa do hold up as enti-
ties, their phylogenetic relationships are not
concordant with that revealed by this analysis.

Genetic differentiation between populations

The results from the and statistics were
similar but appeared to be a better indicator of
population structure (Table 2). The associated prob-
ability of obtaining by chance an equal or greater
estimate in each pair-wise comparison is also shown
in Table 2. A null hypothesis of no genetic differ-
entiation was rejected when these probabilities were
less than 5 per cent. Within the populations with
haplotypes in the A assemblage, all pair-wise popu-
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Table 2 Measures of genetic differentiation (I'/) between populations of
Tenerifean Pimelia estimated from the mitochondrial COl sequence data

LL LR LV Sc IZ LC LM* SJ

LR 0.2028

(0.056)
LV 0.7607 0.8385

(0.000) (0.000)
sc 0.2602 0.1758 0.8990

(0.054) (0.140) (0.000)
IZ 0.7618 0.7704 0.7690 0.7619

(0.000) (0.000) (0.000) (0.000)
LC 0.8698 0.8977 0.9094 0.9148 0.1066

(0.000) (0.000) (0.000) (0.000) (0.032)
LM* 0.8445 0.8896 0.9140 0.9180 0.0996 0.2797

(0.000) (0.000) (0.000) (0.000) (0.512) (0.004)SJ 0.7366 0.7392 0.7515 0.7208 0.0577 0.1986 0.0000

MR
(0.000)
0.8644

(0.000)
0.9183

(0.000)
0.9354

(0.000)
0.9532

(0.172)
0.4610

(0.000)
0.8267

(0.608)
0.8551 0.3827

(0.000) (0.000) (0.000) (0.068) (0.000) (0.000) (0.050) (0.002)

P-values from randomization tests (see text) are shown in parentheses.
See Table 1 for population codes.
SJ* includes pooled data from SJ and PE populations; LM* includes LM + P1
populations.

lation or estimates were low (0.05—0.11),
except for the comparisons with the MR population,
which are relatively high (0.46—0.82). This suggests
that all populations in this A group, with the excep-
tion of Montana Roja (MR), have, or had recently,
a high degree of interdeme contact. Within the
north-east populations the estimates were either
relatively low (0.20—0.26) or the probabilities were
marginal (5 per cent<P<1 per cent), i.e. in the
comparisons of LL with either LR or SC and LR
with SC. All other comparisons produced greater N5
values, indicating a higher degree of population
subdivision in this group. Finally, comparisons
between populations of the two different groups
showed a high degree of genetic differentiation in all
cases (N estimates in the range 0.56—0.92).

Discussion

The genealogical relationships among the mitochon-
drial haplotypes of the genus Pimelia in Tenerife are
not consistent with the morphology-based current
classification into species and subspecies. The taxo-
nomic studies identify two species in Tenerife; P
canariensis and P radula, the latter with three
subspecies (Español, 1961; OromI, 1982).

The Genetical Society of Great Britain, Heredity, 77, 589-598.

An application of the phylogenetic species
concept to the mtDNA data presented here using an
aggregation analysis allows the diagnosis of four
different phylogenetic units (species). One is
composed of P radula ssp. ascendens from high alti-
tudes plus P canariensis populations; the others are
P radula ssp. radula and P radula ssp. granulata, the
fourth representing north-eastern populations of the
morphologically defined P radula ssp. ascendens. On
the other hand, phylogenetic analyses of the mtDNA
and ITS-i data clearly support the existence of only
two major mitochondrial COl lineages which can be
assigned to particular geographical regions in the
island. One dade has a north-eastern distribution
whereas the other is limited to the central and south
side of the island. We aim to discuss the phylogeog-
raphy of these lineages in terms of the geological
history of Tenerife and to find explanations for the
discrepancy between the phylogenetic relationships
revealed by our data and the morphological taxon-
omy of Pimelia.

The geological history of Tenerife is well docu-
mented (Ancochea et al., 1990). Two or maybe three
refugial areas or ancestral sources of colonizers have
been proposed (Machado, 1976; Cobolli Sbordoni et
al., 1991; Avanzati et a!., 1994): the Anaga peninsula
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in the north-east, Teno in north-west and Roque del
Conde in the south-west parts of the island (see Fig.
1). These three areas are aged from the late
Miocene and have experienced several volcanic
cycles, with a period of volcanic quiescence and
erosion between 3.3 and 1.9 My ago (Ancochea et
al., 1990). Las Cafladas volcano was formed between
1.9 and 0.2 My ago with the north and south valleys
produced about 0.8 and 0.6 My ago. The two major
mitochondrial groups in Tenerifean Pimelia show an
average nucleotide substitution of 11 per cent with
an estimated divergence time of 5.5 My, if we
assume a constant substitution rate of 2 per cent per
My (DeSalle et al., 1987). The within-group nucleo-
tide substitution rate is 4.1 per cent and 3.7 per cent
in the A and B groups, respectively (roughly 1.5—2
My of mitochondrial sequence divergence).

Given these sequence divergence estimates and
the observed haplotype distribution, a reasonable
evolutionary scenario seems to be one in which a
common ancestor of both lineages colonized Anaga,
Teno and Roque del Conde soon after their emer-
gence between 11 and 6 My ago, probably from an
older island in the east (Juan et al., 1995). Two
lineages then diverged in allopatry until more recent
volcanic activity (2 to 0.6 My ago) joined the three
old islands, the two forms thereafter colonizing the
new terrain. Thus, haplotypes of the A group could
be the result of expansion from the south-west
and/or north-west lineage (Roque del Conde and
Teno) and the ones of group B from the lineage in
the north-east of the island (Anaga). The N5 values
obtained strongly suggest that no appreciable
genetic contact occurs between the populations
containing the two major haplotype groups, and that
low (group A) or moderate (group B) population
structuring is present within each group. The MR (P
canariensis) and LV (P radula ssp. radula) popula-
tions show less evidence of gene flow with the other
populations within each group.

Previous workers have proposed two alternative
explanations to account for conflicting mtDNA and
morphological or nuclear gene based phylogenies
(Vogler & DeSalle, 1993; Avise, 1994; Boyce et al.,
1994): (i) introgression of mtDNA across the species
boundaries, and (ii) retention of ancestral mtDNA
haplotypes after the divergence of two species by
processes of 'stochastic lineage sorting'. In the case
of some homosequential Drosophila, i.e. groups of
species with identical banding patterns in their poly-
tene chromosomes, DeSalle & Giddings (1986)
suggested that the mtDNA phylogeny is more able
to detect stochastic changes derived from founder
effects during colonization. In a more recent paper,

Moore (1995) uses a coalescence approach to argue
that the probability of congruence of a mitochon-
drial-based gene tree with the species tree is higher
than the one associated to a nuclear autosomal gene
tree. However, inferring trees based on nuclear
genes located in different linkage groups permits
independent estimates of the species tree, something
which is not possible with the single linkage group
mitochondrial genes.

Vogler & DeSalle (1993) and Boyce et al. (1994)
studied the mitochondrial phylogenies of the North
American Tiger beetles (Cicindela dorsalis complex)
and curculionids of the genus Pissodes, respectively.
In both studies, conflict between mitochondrial
DNA and morphological/nuclear gene phylogenies
was reported. Vogler & DeSalle (1993) argued that
random assortment of mtDNA alleles prior to the
split of the species could lead to the observed
discrepancies. In another paper, they analysed the
same populations for DNA sequences of the ITS-i
region of rDNA and reported that the same major
phylogenetic units can be diagnosed by both mito-
chondrial and ITS-i markers (Vogler & DeSalle,
1994). Schlötterer et a!. (1994) have discussed the
usefulness in phylogenetic reconstruction of the
internal transcribed spacers of rDNA (ITS-i and
ITS-2) in Drosophila spp. Although this region is a
good universal candidate to infer molecular phylo-
genies in closely related species, caution has to be
taken to determine the within-species polymorphism
as molecular drive in these tandemly repeated
sequences can fix particular variants and interfere
with the phylogenetic analysis (SchlOtterer et a!.,
1994; Vogler & DeSalle, 1994).

In the case of the genus Pissodes, the authors
(Boyce et al., 1994) favour introgression and high
rate of sequence divergence as the causes of incon-
gruence of mtDNA and nuclear phylogenies. They
argue that the large sequence divergence between
particular haplotype assemblages (16 per cent) and
the low within-assemblages divergence encountered
makes it unlikely that the survival of haplotypes
prior to the separation of species accounts for the
observed phylogenetic patterns. Reticulate evolution
or introgressive hybridization can indeed make
phylogenetic analysis difficult (Moore, 1995), but it
can be detected by comparing the distribution of
mitochondrial haplotypes with those of nuclear
genes.

Our findings revealed congruence between
mtDNA phylogeny and a diagnostic restriction site
in the nuclear ITS-i rDNA sequence for the two
major clades. However, the mtDNA phylogeny we
obtained conflicts with the morphological taxonomy.
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PHYLOGEOGRAPHY OF P/MEL/A IN TENERIFE 597

This could be caused by a faster evolutionary rate of
some morphological traits compared to molecular
characters, so the mtDNA distribution would
predate the establishment of different morphologies
possibly caused by selection in different habitats.
Clearly, more data on morphological characters and
nuclear sequences are needed to understand further
the phylogeny of Pimelia darkling beetles on the
island of Tenerife which promises to be a paradigm
for investigating the causes of phylogeny conflicts
and other aspects of speciation.
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