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Abstract The riverine odonates Macromia splendens and Oxygastra curtisii 
were included in the European Habitats directive as taxa of special concern. 
Nevertheless, there is almost no genetic information about them. We assessed the 
genetic diversity and population structuring among several Northwest Iberian loca-
tions where these species occur. For this, we examined the genetic pattern revealed 
by RAPD markers in four locations of M. splendens and five locations of O. cur-
tisii. The former showed strong population structuring, whereas gene flow between 
different river systems may be the reason for the lower structuring inferred for  
O. curtisii. Based on these results, we support the need of special management for 
M. splendens in Northwest Iberia.

1  Introduction

From the conservation point of view, the order Odonata is among the most tho-
roughly studied insect groups. This is because odonates are widely acknow-
ledged as biological indicators (Foote and Rice 2005; Rouquette and Thompson 
2005). Accordingly, many Odonata (and Lepidoptera) are flag species for con-
servation in some countries. This chapter evaluates the genetic diversity and 
population structuring of two species of Odonata (Insecta) occurring in 
Northwest Iberia: Macromia splendens (Pictet 1843) and Oxygastra curtisii 
(Dale 1834). These species are classified as endangered by different administrations 
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(Sahlén et al. 2004), but data on their genetic diversity and population structure 
supporting such a categorization are lacking.

Conservation genetics of insects is a burgeoning scientific field (e.g., Legge 
et al. 1996; Gadeberg and Boomsma 1997; Rasplus et al. 2001; Jonsson et al. 2003; 
Lai and Pullin 2004). However, there are a few conservation genetic surveys spe-
cifically addressing dragonflies and damselflies (e.g., Watts et al. 2004, 2005a; 
2006, 2007; Hadrys et al. 2006; Thompson and Watts 2006). As in most insect 
groups, the intensive development of highly variable molecular markers (e.g., 
Hadrys et al. 2005; Keat et al. 2005; Giere and Hadrys 2006; Lorenzo Carballa 
et al. 2007) and non-invasive techniques (Watts et al. 2005b) will soon provide a 
great amount of valuable data for nature conservation.

This work is the first population genetics survey on M. splendens and O. curtisii, 
two protected Odonata species. We aimed at (1) describing their genetic diversity 
and (2) estimating their degree of population structure. To achieve this, we screened 
the fine-scale genetic pattern showed by these species in several Northwest Iberian 
sampling sites. We used the Random Amplified Polymorphic DNA–Polymerase 
Chain Reaction (RAPD–PCR) markers.

1.1  The Studied Species

M. splendens is globally acknowledged as being vulnerable (Boudot 2006). This 
large anisopteran belonging to the Corduliidae family is the only European 
Macromia species. It occurs in Southeast France, Spain, and Portugal (Dommanget 
and Grand 1996) and inhabits highly localized biotopes (Cordero Rivera 2000). 
It appears to be distributed in three main groups of locations: France, Northwest 
Iberia, and Southwest Iberia. Other congeneric species are highly abundant and 
show more continuous distributions. Such a pattern led Lieftinck (1965) to suggest 
that M. splendens is a Tertiary relict. However, its rareness might also be due to the 
fact that its habitat has been quite inaccessible to researchers. Pollution and habitat 
destruction are the main problems for the conservation of this species (Sahlén et al. 
2004; Ocharan et al. 2006, and references therein), also in NW Iberia (Cordero 
Rivera 2000).

O. curtisii is classified as Nearly Threatened by the IUCN Red List (Boudot 
et al. 2006). This member of the Corduliidae family mainly occurs in the 
Iberian Peninsula, and in the Western and Southern France. In addition, there 
are records from North and West Morocco (Jacquemin and Boudot 1999) as 
well as from Northern France, the Netherlands, Belgium, Western Germany, 
Switzerland, Northern and central Italy. This species is now extinct in Great 
Britain (d’Aguilar and Dommanget 1998). O. curtisii usually inhabits large 
rivers, preferring rapid waters. Interestingly, it is abundant in almost all 
Galician rivers (Northwest Spain, Azpilicueta Amorín et al. 2007). Therefore, 
a certain level of gene flow is expected.
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2  Materials and Methods

2.1  Sampling

The two studied species (M. splendens and O. curtisii) were sampled between years 
2000 and 2002. Sample sites and sizes (Table 1, Fig. 1) were selected according to 
the restricted distributional range of these taxa in NW Iberia. UTM coordinates 
were: Lérez 29TNH3501, Cabe 29TPH1201, Tea 29TNG4075, Albarellos 
29TNG6492, Deza 29TNH6134, and Arnoia 29TPG0575. The minimum distance 
between two localities was 26.50 km (Tea–Lérez), whereas the maximum was 
76.78 km (Arnoia–Deza). These five localities represented different ecosystems. 
Thus, sampling areas by rivers Lérez and Cabe represented slow and sunny 
stretches of deep rivers. Localities by rivers Tea and Deza represented smaller slow 
rivers. All river banks showed abundant vegetation. Interestingly, the vegetation 
type was Atlantic for Lérez, Tea, and Deza river basins, but Mediterranean for 
Cabe and Arnoia. Albarellos is a reservoir collecting water from river Avia. The 
total river length ranges from 50 km (Tea) to 84.5 km (Arnoia). Only river Lérez is 
not a tributary, running into the Atlantic Ocean. All sampled locations, except 
Albarellos and Arnoia, occur at Sites of Community Importance (SCI) within the 
Natura 2000 network.

Sampled populations of O. curtisii were large (about several thousand individu-
als per generation), whereas populations of M. splendens were smaller (hundreds 
of individuals, Cordero Rivera 2000; Cordero Rivera et al. 1999).

Adults were hand netted. We took one hind leg from each captured individual. 
Only captured males of M. splendens were sampled. Legs were stored in individual 
1.5 mL tubes and frozen until analysis.

Table 1 Sample sizes and genetic diversity obtained for two Odonata species in several NW 
Iberian locations

Species Population N
No. (and %) of 
polymorphic bands

Nei’s gene 
diversity

Shannon’s 
diversity index

Macromia splendens Lérez  6 10 (40) 0.16 ± 0.21* 0.24 ± 0.30
Cabe 11 17 (68) 0.26 ± 0.20 0.39 ± 0.29
Tea 18 25 (100) 0.35 ± 0.12 0.53 ± 0.13
Albarellos  4 10 (40) 0.16 ± 0.21 0.24 ± 0.30
Overall 39 25 (100) 0.38 ± 0.11 0.57 ± 0.12

Oxygastra curtisii Lérez 37 33 (100) 0.44 ± 0.07 0.63 ± 0.08
Cabe 18 29 (87.9) 0.28 ± 0.17 0.43 ± 0.22
Tea 20 30 (90.9) 0.33 ± 0.16 0.49 ± 0.22
Deza 14 33 (100) 0.40 ± 0.09 0.59 ± 0.10
Arnoia 10 26 (78.8) 0.32 ± 0.19 0.46 ± 0.27
Overall 99 33 (100) 0.47 ± 0.04 0.66 ± 0.04

*average ± standard deviation
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2.2  DNA Extraction and RAPD Profiling

Whole genomic DNA was extracted by grinding the whole leg in liquid nitrogen. 
The obtained fine powder was homogenized in 500 mL buffer (100 mM Tris-HCl 
(pH 8.0), 20 mM EDTA (pH 8.0), 0.5% SDS, and 50 mM DTT). The homogenate 
was incubated at 40°C for four hours in the presence of RNAse (1 unit), and pro-
teinase K (0.25 mg). Proteins were removed by extraction, first with phenol-chloroform 
and then with chloroform-isoamyl alcohol (2%). DNA was concentrated by ethanol 
precipitation (Sambrook et al. 1989). DNA samples were stored in TE 1X  at a 
standardized concentration of 50 ng/mL.

RAPD–PCR markers have been successfully used to detect genetic polymor-
phism in other Odonata species (Andrés et al. 2000). We tested a total of 60 deca-
meric random oligonucleotides (OPA01-OPA20, OPD01-OPD20, OPE01-OPE20, 
Operon Technologies, Inc.) in order to find polymorphism in a subsample of three 
individuals per species and from different localities. Eight of the primers (four per 
species, Table 2) proved to be highly polymorphic and were used to screen the 
entire collection.

Amplification reactions were performed in a final volume of 25 mL containing 
1 mL 10X reaction buffer (Sigma), 1.5 mM MgCl

2
, 10 mM dNTPs, 2 pmol primer, 

1 U Taq (DNA polymerase (Sigma)), and 50 ng genomic DNA. The thermocycler 
program used for amplification was: initial denaturation step (94°C for 5 min), 45 
cycles (94°C for 1 min, 35°C for 1 min, 72°C for 2 min), final extension (72°C for 
5 min), and cooling at 4°C. A negative control was always included to monitor any 

Fig. 1 Map of Galicia (NW Iberia) displaying the sampling locations for this genetic survey on 
two Odonata species: Macromia splendens and Oxygastra curtisii
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possible DNA contamination. Fragments were resolved on 1.5% agarose gels and 
sized against a one Kilobase ladder (Sigma). Gels were run for 1.75 h at 120 V/400 
A. DNA bands, stained with ethidium bromide, were visualized under UV light and 
photographed. All amplifications were repeated twice to prove the reproducibility 
of the RAPD–PCR bands. Only well-amplified and reproducible bands were con-
sidered for further analyses. RAPD bands were scored as present (1) or absent (0), 
and a binary matrix of different RAPD phenotypes was so assembled. RAPD bands 
shared by 99% or more individuals of the same species across the whole dataset 
were regarded as monomorphic and excluded from genetic analyses.

2.3  Statistical Analyses

We used three estimators to assess genetic diversity: (1) percentage of polymorphic 
loci (P), (2) unbiased Nei’s gene diversity for dominant markers, and (3) Shannon’s 
index, which does not assume Hardy-Weinberg equilibrium. We used TFPGA v. 
1.3 (Miller 1997) to calculate P and Nei’s genetic diversity, whereas Shannon’s 
index was calculated using POPGENE v. 1.32 (Yeh and Boyle 1997).

We assessed the extent of genetic structuring for each species using Weir 
and Cockerham’s (1984) unbiased estimator, q, and its 95% confidence inter-
vals (10,000 bootstrap iterations). We performed exact tests for population 
differentiation (Raymond and Rousset, 1995). These two analyses were calcu-
lated using TFPGA v. 1.3 (Miller 1997). The parameters of the Markov Chain 
Monte Carlo approach were: 1,000 dememorization steps, 10 batches, and 
2,000 permutations per batch.

We tested for evidence of population subdivision using an analysis of molecular 
variance (AMOVA) as implemented in ARLEQUIN v.3.01 (Excoffier et al. 2005). 
We also used ARLEQUIN to test the genetic differentiation between pairs of popu-
lations using F

ST
 analogs. Statistical significance of covariance components (and 

Table 2 RAPD primers (Operon Technologies Inc.) and summary of RAPD markers obtained for 
each studied species

Primer name Primer sequence (5¢-3¢)
Macromia 
splendens Oxygastra curtisii

OPA–01 CAGGCCCTTC 12, 50–1,000, 6* –
OPA–02 TGCCGAGCTG 15, 50–750, 7 –
OPA–04 AATCGGGCTG 11, 50–750, 8 –
OPA–08 GTGACGTAGG – 13, 50–750, 5
OPC–09 CTCACCGTCC – 17, 50–750, 11
OPA-09 GGGTAACGCC 10, 50–1,000, 4 –
OPE-11 GAGTCTCAGG – 9, 50–1,000, 6
OPD-01 ACCGCGAAGG – 10, 150–500, 11

*The three values provided account for (1) number of scored bands, (2) size range of the marker 
(in base pairs), and (3) number of polymorphic bands (shared by < 99% individuals)



300

F-statistics) from AMOVAs and pairwise F
ST

’s was determined on the basis of 
distribution of values obtained from 10,000 permutations of data.

We used the Mantel test, as implemented in TFGPA, to estimate the correlation 
between genetic and geographic distances. A UPGMA tree of populations was 
constructed with TFPGA, using Nei’s unbiased genetic distance. Branch support 
was estimated by bootstrapping across loci 10,000 times.

An individual-based rather than population-level analysis may provide a more 
accurate view of the current gene flow. This is because standard approaches like mea-
sures of population differentiation by F

ST
 rely on equilibrium assumptions and may, 

therefore, not be applicable to situations where equilibrium has not yet been attained. 
We used the program STRUCTURE 2.1 (Pritchard et al. 2000; Falush et al. 2003) for 
model-based Bayesian clustering of individuals without using prior population defini-
tions. Following Pritchard et al. (2000), this approach was followed only for data not 
fitting the isolation-by-distance model (i.e., M. splendens). Simulations were run under 
standard settings in the no-admixture model, assuming correlated allele frequencies, 
without considering the population of origin of the samples. We used a burn-in of 
250,000 iterations followed by 1,000,000 iterations for parameter estimation. Each 
simulation was run 10 times, exploring values for K (the total number of clusters to be 
constructed in a given simulation) ranging from one to four. To select the most appro-
priate number of groups, we followed Evanno et al. (2005).

3  Results

We obtained a total of 25 (M. splendens) and 33 (O. curtisi) polymorphic bands 
(Tables 1 and 2). Every sample produced a different haplotype. The average gene 
diversity values ranged from 0.38 in M. splendens to 0.47 in O. curtisii. (Shannon’s 
index = 0.57 and 0.66, respectively). At a population level, both gene diversity and 
Shannon’s index were lowest for M. splendens from Lérez/Albarellos and highest 
for O. curtisii from Lérez (Table 1). Sample size was positively correlated with 
both Nei’s genetic diversity and Shannon’s index (Pearson’s r = 0.81, and 0.80, 
respectively). The degree of population differentiation, as revealed by significant 
F

ST
 values, varied from moderate (0.12, O. curtisii Lérez-Deza) to high (0.48, M. 

splendens Lérez-Cabe) (Tables 3 and 4). Within-population variation accounted for 
most of the total variation in both species (P < 0.001, Table 5), regardless of group-
ing criteria such as ecosystem or phylogeny.

3.1  M. splendens

We screened the genetic diversity at four Northwest Iberian locations, i.e., three 
rivers and one reservoir (Albarellos). The most diverse locality was Tea (Table 2). 
Overall, most of the variation (71.39%) was due to within-population genetic diversity 
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(Table 5). There was significant population structuring according to sampling 
location, as suggested by both the test of exact differentiation (c2 = 213.77, d.f. = 50, 
P < 0.001) and F-statistics (q = 0.29, CI = (0.22–0.35)). Regarding population-wise 
comparisons, the extent of differentiation ranged from moderate (Tea-Cabe, 
F

ST
 = 0.13) to strong (Lérez-Cabe, F

ST
 = 0.48). Albarellos was the only locality not 

significantly differentiated from any other (Table 3). No grouping was significantly 
differentiated from AMOVA analysis (Table 5), although river Cabe clearly sepa-
rated from the rest of samples, as revealed by the UPGMA tree (Fig. 2a). Geographic 
and genetic distances were not correlated (Mantel test, r = 0.38, P = 0.26). Results 
from no-admixture clustering with STRUCTURE 2.1 indicated that the most likely 
grouping of Macromia individuals was K = 2. The first two sampled localities 
(Lérez and Albarellos) appeared as purely belonging to a first population (POP1) 
(white, Fig. 3). The third sampled site (Tea) contained (1) 50% of individuals 
directly assigned to a second population, POP2 (grey, Fig. 3), (2) 11% of individu-
als directly assigned to POP1, and (3) 39% of individuals whose genetic pattern 
was intermediate between POP1 and POP2, but with a marked trend towards POP2. 
The fourth sampled locality (Cabe) was almost totally composed of individuals 
belonging to POP2.

Table 4 Matrix of population pairwise F
ST

-values obtained for Oxygastra curtisii

O. curtisii Lérez Cabe Tea Deza Arnoia

Lérez – *** *** *** ***
Cabe 0.21 – *** *** ***
Tea 0.15 0.40 – *** ***
Deza 0.12 0.31 0.24 – ***
Arnoia 0.16 0.21 0.34 0.26 –

Data in bold remained significant after sequential Bonferroni correction (P-values 
estimated after 10,000 permutations). Above diagonal: combined probabilities for 
each pairwise population differentiation (exact differentiation test). * P > 0.05, ** 
P < 0.01, *** P < 0.001
NS Non-significant

Table 3 Matrix of population pairwise F
ST

-values obtained for 
Macromia splendens

M. splendens Lérez Cabe Tea Albarellos

Lérez – *** *** NS
Cabe 0.48 – ** ***
Tea 0.31 0.13 – NS
Albarellos 0.37 0.47 0.25 –

Data in bold remained significant after sequential Bonferroni 
correction (P-values estimated after 10,000 permutations). Above 
diagonal: combined probabilities for each pairwise population 
differentiation (exact differentiation test). * P > 0.05, ** P < 0.01, 
*** P < 0.001
NS non-significant
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3.2  O. curtisii

We surveyed the genetic diversity of this species in five Northwest Iberian riverine 
localities. The most diverse locality was Lérez (Table 1). The within-population 
genetic diversity accounted for most of the variation (77.83%). There was signifi-
cant population differentiation between sampling localities, as suggested by both 
the test of exact differentiation (c2 = 446.69, d.f. = 66, P < 0.001) and F-statistics 
(q = 0.16, CI = (0.12–0.20)). Regarding population-wise comparisons, the extent of 
differentiation ranged from moderate (Lérez-Deza, F

ST
 = 0.12) to strong (Tea-Cabe, 

F
ST

 = 0.40) (Table 4). Geographic distance and genetic divergence were significantly 

Table 5 Analysis of molecular variance (AMOVA) across a range of putative population groupings

Species
Grouping 
criterion

Population 
grouping

Percentage of variation accounted for (F)

Among 
groups (F

CT
)

Among 
populations 
within groups 
(F

SC
)

Within-
populations 
(F

ST
)

Macromia 
splendens

– All in one 
group

– 28.61 (0.29)*** 71.39

River basin [Cabe/Tea/
Albarellos] 
[Deza] 
[Lérez]

16.01 (0.16) 19.61 (0.23)*** 64.38 (0.36)***

Reservoir vs. 
river

[Albarellos] 
[all 
remaining 
POPs]

8.64 (0.08) 24.45 (0.27)*** 66.91 (0.33)***

STUCTURE 
results

[Albarellos/
Lérez] 
[Tea/Cabe]

21.87 (0.22) 13.51 (0.17)*** 64.62 (0.35)***

UPGMA 
tree

[Cabe] [all 
remaining 
POPs]

−4.69 (−0.05) 31.96 (0.30)*** 72.73 (0.27)***

Oxygastra 
curtisii

– All in one 
group

– 22.17 (0.22)*** 77.83

River basin [Cabe/Tea/
Arnoia] 
[Deza] 
[Lérez]

−15.05 (−0.15) 34.9 (0.30)*** 80.17 (0.19)***

UPGMA 
tree

[Cabe/Arnoia] 
[Tea/Deza/
Lérez]

11.02 (0.11)* 15.13 (0.17)*** 73.86 (0.26)***

UPGMA 
tree

[Cabe/Arnoia] 
[Tea] 
[Deza/
Lérez]

10.09 (0.10)** 13.56 (0.15)*** 76.35 (0.24)***

* P = 0.1, ** P = 0.061, *** P < 0.001. Values in italics correspond to F
ST

M. A. Amorín et al.
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correlated in the area studied (Mantel test, r = 0.61, P < 0.05). The phylogenetic 
reconstruction showed two differentiated clades (Fig. 2b), in agreement with the 
geographic location.

4  Discussion

4.1  M. splendens

There was a high population structuring according to the sampling location. 
Regarding significant population-wise comparisons, the extent of differentiation 
ranged from moderate (Tea-Cabe) to strong (Lérez-Cabe). Lérez, Albarellos, and 

a

b

Fig. 2 UPGMA dendrogram based on Nei’s unbiased genetic distance. Numbers at nodes are bootstrap 
values < 50% (10,000 pseudoreplicates). (a) Macromia splendens, (b) Oxygastra curtisii

Fig. 3 Results of STRUCTURE no-admixture clustering for Macromia splendens. Each individual 
is represented by a vertical column and the proportion of each of the two colors indicated the puta-
tive population they derive from. The most likely number of population (K = 2) was determined 
following Evanno et al. (2005). Numbers in the X axis identify each analyzed specimen (n = 38), 
giving its geographical origin in parentheses: (1) Lérez, (2) Albarellos, (3) Tea, and (4) Cabe
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Cabe were the poorest localities in terms of genetic diversity. An explanation for 
this might be that they are at the edge of the species’ range. Gene flow may be more 
restricted between two groups of localities, as revealed by STRUCTURE: POP1 
(Lérez-Albarellos) and POP2 (Tea-Cabe). This hypothesis requires further investi-
gation using highly variable co-dominant markers.

Albarellos may have a high conservation value, as (1) it is the only studied local-
ity not significantly differentiated from the others (Table 3) and (2) its geographic 
condition is intermediate between other sites inhabited by M. splendens. The reser-
voir Albarellos (336 ha, built in 1971) is the only sampled locality not included as 
SCI in the Natura-2000 network. Such an intermediate site may be important for a 
species with less dispersal and higher structuring than O. curtisii. Low dispersal in 
M. splendens is due to its ecological requirements rather than its actual dispersal 
ability, as anisopterans are usually good fliers. These facts point to the importance 
of preserving appropriate habitats and connectivity between them for M. splendens, 
a species less flexible in ecological demands, and clearly linked to remnants of 
autochthonous forests (Cordero Rivera 2006).

Seven out of the nine known Northwest Iberian populations of M. splendens were 
found in natural rivers. The remaining two sites were located in man-made hydro-
electric reservoirs, where aquatic/riverine vegetation is lacking. Despite the negative 
effect of reservoirs on some insect groups due to habitat destruction (Turner 2007) 
and fragmentation (Watanabe and Omura 2007), it will be interesting to determine 
whether Albarellos resulted from a recent colonization from other river basins (e.g., 
Tea) or descended from individuals previously present in the river.

4.2  O. curtisii

There was a significant population structuring according to the sampling location. 
Regarding population-wise comparisons, the extent of differentiation ranged from 
moderate (Lérez-Deza) to strong (Tea-Cabe). AMOVA results (Table 5) suggested 
the presence of phylogeographic structure in our data. Clustering of O. curtisii 
populations, according to the branching pattern showed by the UPGMA tree 
(Fig. 2b), yielded a nearly significant value (F

CT
 = 0.101, P = 0.06). This putative 

structure is congruent with the isolation-by-distance pattern inferred through 
Mantel’s test. Accordingly, O. curtisii appears more widely distributed across the 
region studied than M. splendens. The former shows farther dispersal than the latter 
(Azpilicueta Amorín et al. 2007).

Arnoia was the only sampled locality not classified as SCI. We recommend this 
locality to be assigned a certain level of protection. This is based on the fact that 
Arnoia (n = 10) showed higher genetic variability than Cabe (n = 18). Both popula-
tions are geographically and phylogenetically close (Figs. 1 and 2). However, gene 
flow between them is expected to be low (Table 3). It was somewhat surprising that 
the highest level of genetic diversity was found in Lérez (Table 1). This is because 

M. A. Amorín et al.
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Lérez is probably the studied location suffering the most harmful human activity, 
e.g., intensive forestry with eucalypt plantations all over the basin, leisure facilities, 
and small dams.

4.3  Final Remarks

Different species with contrasting ecological demands react rather differently on the 
same landscape pattern (e.g., Louy et al. 2007). Our results indicated a higher struc-
ture for M. splendens than for O. curtisii, which agrees with the different dispersal 
of both species. However, these results should be taken as preliminary, due to the 
small sample size of some localities. For instance, Lérez was the locality where M. 
splendens (n = 6) was the least genetically diverse, but the one with highest gene 
diversity and Shannon’s index for O. curtisii (n = 37). According to Aagaard et al. 
(1998), sample size might also explain the higher structuring of the two studied 
species compared to other Odonata (also surveyed using RAPDs) at similar geo-
graphical scale. Andrés et al. (2000) determined a low degree of structuring for 
Ischnura graellsii (q = 0.061), whereas Andrés et al. (2002) found a moderate dif-
ferentiation for Ceriagrion tenellum (q = 0.142).

Different types of molecular markers may differ in the level of population dif-
ferentiation they reveal (Volis et al. 2005). Therefore, it would be inappropriate to 
compare the extent of population structuring (as revealed by F analogs) we obtained 
for M. splendens and O. curtisii, with none or very little structuring found in 
Nehalennia irene (microsatellites; Wong et al. 2003), Calopteryx splendens 
(AFLPs; Svensson et al. 2004), Lestes viridis (allozymes, De Block et al. 2005), or 
Ischnura elegans (AFLPs; Abbott et al. 2008). In addition, comparisons with other 
studies should also include the geographical scale. The implications of a high popu-
lation structuring (F

ST
 = 0.25–0.48) at fine scale (0–26 km), as shown by Lestes 

viridis (allozymes, Geenen et al. 2000) and Coenagrium mercuriale (microsatel-
lites, Watts et al. 2004, 2006), might mislead the reconstruction of those processes 
leading to differentiation of populations as ours separated by 26.5–76.78 km.

To conclude, the present study determined that M. splendens is likely to be 
strongly structured in NW Iberia, whereas gene flow between different river basins 
may be the reason for the lower differentiation inferred for O. curtisii. Based on 
these results, we agree with the need of special management for M. splendens. 
Estimates of population size and assessment of putative connectivity networks 
between localities are needed for a better comprehension of the conservation status 
of O. curtisii.

Acknowledgements M. Pimentel and one anonymous referee improved the earlier versions of 
the manuscript with their comments. R. Sánchez-Guillén kindly helped in the laboratory. This 
work is part of MAA’s PhD thesis. D. Romero designed Fig. 1. Funding was provided by grants 
from Spanish Ministry of Science (BOS2001-3642) and Xunta de Galicia (PGIDT01MAM37101PR) 
to ACR. MV was financed by the Isidro Parga Pondal program and the University of A Coruna.



306

References

Aagaard JE, Krutovskii KV, Strauss SH (1998) RAPDs and allozymes exhibit similar levels of 
diversity and differentiation among populations and races of Douglas-fir. Heredity 81:69–78

Abbott JK, Bensch S, Gosden TP, Svensson EI (2008) Patterns of differentiation in a colour poly-
morphism and in neutral markers reveal rapid genetic changes in natural damselfly popula-
tions. Mol Ecol 17(6):1597–1604. doi:10.1111/j.1365-294X.2007.03641.x

Andrés JA, Sánchez-Guillén RA, Cordero Rivera A (2000) Molecular evidence for selection of 
female color polymorphis in the damselfly Ischnura graellsii. Evolution 54:2156–2161

Andrés JA, Sánchez-Guillén RA, Cordero Rivera A (2002) Evolution of female colour polymor-
phism in damselflies: testing the hypotheses. Anim Behav 63:677–685

Azpilicueta Amorín M, Rey Rañó C, Docampo Barrueco F, Rey Muñiz XC, Cordero Rivera A 
(2007) A preliminary study of biodiversity hotspots for odonates in Galicia, NW Spain. 
Odonatologica 36:1–12

Boudot J-P (2006) Macromia splendens. In IUCN 2007. 2007 IUCN Red List of Threatened 
Species. Available at http://www.iucnredlist.org. Cited 6 Feb 2008

Boudot J-P, Riservato E, Hardersen S (2006) Oxygastra curtisii. In IUCN 2007. 2007 IUCN Red 
List of Threatened Species. Available at http://www.iucnredlist.org. Cited 6 Feb 2008

Cordero Rivera A (2000) Distribution, habitat requirements and conservation of Macromia splen-
dens Pictet (Odonata: Corduliidae) in Galicia (NW Spain). Int J Odonatol 3:73–83

Cordero Rivera A (ed) (2006) Forests and dragonflies. Pensoft publishers, Sofia, Moscow
Cordero Rivera A, Utzeri C, Santolamazza Carbone S (1999) Emergence and adult behaviour of 

Macromia splendens (Pictet) in Galicia, Northwestern Spain (Anisoptera. Corduliidae). 
Odonatologica 28:333–342

d’Aguilar JD, Dommanget JL (1998) Guide des Libellules d’Europe et d’Afrique du Nord. 
Delachaux et Niestlé, Lausanne

De Block M, Geenen S, Jordaens K, Backeljau T, Stoks T (2005) Spatiotemporal allozyme varia-
tion in the damselfly, Lestes viridis (Odonata: Zygoptera): gene flow among permanent and 
temporary ponds. Genetica 124:137–144

Dommanget JL, Grand D (1996) Macromia splendens (Pictet, 1843). In: Van Helsdingen PJ, 
Willemse L, Speight MCD (eds) Background information on invertebrates of the habitats 
directive and the bern convention. Part II – Mantodea, odonata, orthoptera and arachnida. 
Council of Europe, Strassbourg, pp 315–323

Evanno G, Regnaut S, Goudet J (2005) Detecting the number of clusters of individuals using the 
software STRUCTURE: a simulation study. Mol Ecol 14:2611–2620

Excoffier L, Laval G, Schneider S (2005) Arlequin ver. 3.0: an integrated software package for 
population genetics data analysis. Evol Bioinform Online 1:47–50

Falush D, Stephens M, Pritchard JK (2003) Inference of population structure: extensions to linked 
loci and correlated frequencies. Genetics 164:1567–1587

Foote AL, Rice CL (2005) Odonates as biological indicators of grazing effects on Canadian prairie 
wetlands. Ecol Entomol 30:273–283

Gadeberg RME, Boomsma JJ (1997) Genetic population structure of the large blue butterfly 
Maculinea alcon in Denmark. J Insect Conserv 1:99–111

Geenen S, Jordaens K, De Block M, Stoks R, De Bruyn L (2000) Genetic differentiation and 
dispersal among populations of the damselfly Lestes viridis (Odonata). J North Am Benthol 
Soc 19:321–328

Giere S, Hadrys H (2006) Polymorphic microsatellite loci to study population dynamics in a 
dragonfly, the libellulid Trithemis arteriosa (Burmeister, 1839). Mol Ecol Notes 6:933–935

Hadrys H, Schroth W, Schierwater B, Streit B, Fincke OM (2005) Tree hole odonates as environ-
mental monitors: non-invasive isolation of polymorphic microsatellites from the neotropical 
damselfly Megaloprepus caerulatus. Conserv Genet 6:481–483

Hadrys H, Clausnitzer V, Groenefeld LF (2006) The present role and future promise of conserva-
tion genetics for forest Odonates. In: Cordero Rivera A (ed) Forest and dragonflies. 4th WDA 

M. A. Amorín et al.

10.1111/j.1365-294X.2007.03641.x
http://www.iucnredlist.org
http://www.iucnredlist.org


307Population Genetics of Two Threatened Dragonfly Species

International symposium of odonatology, pontevedra (Spain), July 2005. Pensoft publishers, 
Sofia, Moscow, pp 279–299

Jacquemin G, Boudot JP (1999) Les libellules (Odonates) du Maroc. Sociêté Française 
d’Odonatologie, Paris

Jonsson M, Johannesen J, Seitz A (2003) Comparative genetic structure of the threatened tenebri-
onid beetle Oplocephala haemorrhoidalis and its common relative Bolitophagus reticulatus. J 
Insect Conserv 7:111–124

Keat S, Thompson DJ, Kemp SJ, Watts PC (2005) Ten microsatellite loci for the red-eyed dam-
selfly Erythromma viridulum (Charpentier). Mol Ecol Notes 5:788–790

Lai B-CG, Pullin AS (2004) Phylogeography, genetic diversity and conservation of the large cop-
per butterfly Lycaena dispar in Europe. J Insect Conserv 8:27–36

Legge J, Roush R, Desalle R, Vogler A, May B (1996) Genetic criteria for establishing evolution-
arily significant units in Cryan’s buckmoth. Conserv Biol 10:85–98

Lieftinck MA (1965) Macromia splendens (Pictet, 1843) in Europe with notes on its habits, larva 
and distribution (Odonata). Tijdschr Entomol 108:41–59

Lorenzo Carballa O, Giere S, Cordero A, Hadrys H (2007) Isolation and characterization of mic-
rosatellite loci to study parthenogenesis in the citrine forktail, Ischnura hastata (Odonata: 
Coenagrionidae). Mol Ecol Notes 7:839–841

Louy D, Habel J, Schmitt T, Meyer M, Assmann T, Müller P (2007) Strongly diverging population 
genetic patterns of three skipper species: isolation, restricted gene flow and panmixis. Conserv 
Genet 8:671–681

Miller MP (1997) Tools For Population Genetic Analyses (TFPGA) A Windows™ program for 
the analysis of allozyme and molecular population genetic data. http://www.marksgeneticsoft-
ware.net/tfpga.htm. Cited 20 May 2007

Ocharan FJ, Ferreras Romero M, Ocharan R, Cordero Rivera A (2006) Macromia splendens 
(Pictet, 1843). In: Verdú JR, Galante E (eds) Libro Rojo de los Invertebrados de España. 
Dirección General de Conservación de la Naturaleza, Madrid, pp 258–259

Pritchard JK, Stephens M, Donnelly P (2000) Inference of population structure using multilocus 
genotype data. Genetics 155:945–959

Rasplus JY, Garnier S, Meusnier S, Piry S, Mondor G, Audiot P, Cornuet JM (2001) Setting con-
servation priorities: the case study of Carabus solieri (Col. Carabidae). Genet Select Evol 
33:S141–S175

Raymond M, Rousset F (1995) An exact test for population differentiation. Evolution 49:1280–1283
Rouquette JR, Thompson DJ (2005) Habitat associations of the endangered damselfly Coenagrion 

mercuriale, in a water meadow ditch system in Southern England. Biol Conserv 
123:225–235

Sahlén G, Bernard R, Cordero Rivera A, Ketelaar R, Suhling F (2004) Critical species of Odonata 
in Europe. Int J Odonatol 7:385–398

Sambrook J, Fritsch EF, Maniatis F (1989) Molecular cloning. A laboratory manual, 2nd edn. 
Cold Spring Harbor Laboratory Press, New York

Svensson EI, Kristoffersen L, Oskarsson K, Bensch S (2004) Molecular population divergence 
and sexual selection on morphology in the banded demoiselle (Calopteryx splendens). 
Heredity 93:423–433

Thompson DJ, Watts PC (2006) The structure of the Coenagrion mercuriale populations in the 
New Forest, Southern England. In: Cordero Rivera A (ed) Forest and Dragonflies. 4th WDA 
International symposium of odonatology, pontevedra (Spain), July 2005. Pensoft publishers, 
Sofia, Moscow, pp 239–258

Turner CR (2007) Water beetles associated with reservoirs on table mountain, cape town: implica-
tions for conservation. J Insect Conserv 11:75–83

Volis S, Yakubov B, Shulgina I, Ward D, Mendlinger S (2005) Distinguishing adaptive from non-
adaptive genetic differentiation: comparison of Q

ST
 and F

ST
 at two spatial scales. Heredity 

95:466–475
Watanabe K, Omura T (2007) Relationship between reservoir size and genetic differentiation of 

the stream caddisfly Stenopsyche marmorata. Biol Conserv 136:203–211

http://www.marksgeneticsoftware.net/tfpga.htm
http://www.marksgeneticsoftware.net/tfpga.htm


308

Watts PC, Rouquette JR, Saccheri IJ, Kemp SJ, Thompson DJ (2004) Molecular and ecological 
evidence for small-scale isolation by distance in an endangered damselfly, Coenagrion mercu-
riale. Mol Ecol 13:2931–2945

Watts PC, Kemp SJ, Saccheri IJ, Thompson DJ (2005a) Conservation implications of genetic 
variation between spatially and temporally distinct colonies of the endangered damselfly 
Coenagrion mercuriale. Ecol Entomol 30:541–547

Watts PC, Thompson DJ, Daguet C, Kemp SJ (2005b) Exuviae as a reliable source of DNA for 
population-genetic analysis of odonates. Odonatologica 34:183–187

Watts PC, Saccheri IJ, Kemp SJ, Thompson DJ (2006) Population structure and the impact of 
regional and local habitat isolation upon levels of genetic diversity of the endangered damsel-
fly Coenagrion mercuriale (Odonata: Zygoptera). Freshw Biol 51:193–205

Watts PC, Rousset F, Saccheri IJ, Leblois R, Kemp SJ, Thompson DJ (2007) Compatible genetic 
and ecological estimates of dispersal rates in insect (Coenagrion mercuriale: Odonata: 
Zygoptera) populations: analysis of “neighbourhood size” using a more precise estimator. Mol 
Ecol 16:737–751

Weir BS, Cockerham CC (1984) Estimating F-statistics for the analysis of population structure. 
Evolution 38:1358–1370

Wong A, Smith ML, Forbes MR (2003) Differentiation between subpopulations of a polychro-
matic damselfly with respect to morph frequencies, but not neutral genetic markers. Mol Ecol 
12:3505–3513

Yeh FC, Boyle TJB (1997) Population genetic analysis of co-dominant and dominant markers and 
quantitative traits. Belg J Bot 129:157

M. A. Amorín et al.


	Population Genetic Structure of Two Threatened Dragonfly Species (Odonata: Anisoptera) as Revealed by RAPD Analysis
	1 Introduction
	1.1 The Studied Species

	2 Materials and Methods
	2.1 Sampling
	2.2 DNA Extraction and RAPD Profiling
	2.3 Statistical Analyses

	3 Results
	3.1 M. splendens
	3.2 

	4 Discussion
	4.1 M. splendens
	4.2 O. curtisii
	4.3 Final Remarks

	References


