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Population genetic structure in peripheral island endemic tree species
Endemic island plant species (peripheral isolated plant populations) with a narrow distribution are often, but not always, linked to low genetic variation within populations and a lack of differentiation among populations. This study reinforces
the argument that forest genetic resources for such populations need to come under rationalistic assessment, for developing and proposing conservation strategies of forest genetic resources. The main challenge that natural forests face in
the current century is maintaining the populations’ genetic resources, especially of rare and narrow endemic plant species, which often shape peripheral and/or marginal isolated populations. The recent progress in genetic issues can
contribute to the development of suitable practical actions that forest managers and policy makers can adopt for developing suitable practical solutions. Frequently such populations are characterised by low population size and high
fragmentation. Population size is one of the principal decisive factors for the amount and distribution of genetic diversity within a species.
In this study the case of the endemic coniferous plant population of Cedrus brevifolia in Cyprus was investigated from the point of view of conservation of forest genetic resources based on two main aspects: the investigation of the
species genetic variability level and the assessment of genetic structure of this sole population, together with the assessment of the mechanisms which determine the fine-scale SGS.
Why Cedrus brevifolia
Cedrus brevifolia is a monoecious and wind-pollinated narrow endemic conifer species of the Cyprus ﬂora. Despite the assumption that the
species had a wider distribution in the past (Zohary 1973; Thirgood 1987), during the last three centuries its range has been conﬁned to one
non-uniform population (Fig. 1) on the mountains of the Paphos forest (Cyprus Forestry Department 2005). Nowadays, this population is
patchy, and divided by the Cyprus Forest Department into ﬁve neighbouring geographic regimes (referred to as ‘sites’) separated by
mountain ranges. Its population is distributed in an altitudinal range of 900 to 1362 m. A recent inventory estimated that approximately
15,800 trees with a diameter at breast height (DBH) over 12 cm and 134,700 trees with a DBH less than 12 cm are growing in this area
(Cyprus Forestry Department 2010). Molecular clock based on plastid DNA sequences, estimated the time of divergence between C. libani
and C. brevifolia at 7.83 ±2.79 to 6.56 ±1.20 million years ago (Qiao et al. 2007). Previous phylogenetic studies (using a small sample size)
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divergence time and its state as an isolated endemic species.

Materials
Sampling was performed throughout the entire natural species distribution. In total, 11 sampling plots were sampled from the whole population, while the number of plots in
each site depended on the site size. Six plots were sampled from the largest and most uniformly distributed site (Tripylos: Plot 1A-1F). The remaining five plots were
established in the other isolated sites surrounding Tripylos (Fig. 1). From each plot, plant material (fresh needles) was collected from 50 adult geo-referenced trees with a
DBH≥12 cm (in total 550 trees), as this is the diameter used in the most recent forest inventories for adult individuals (Cyprus Forestry Department 2000).
Genotypes of all samples were scored using seven microsatellite primer pairs:5 four biparentally inherited (diploid) nuclear microsatellites (Chaib et al. 2006—CatITgD4,
CatXITcE11, CatXITCD12, CatXITcC6) and three paternally inherited (haploid) chloroplast microsatellites (Vendramin et al. 1996—Pt15169, Pt63718, Pt71936).
The genetic measures in the current study were calculated using the following software: Fstat (Goudet 2001), Haplotype Analysis (Eliades and Eliades 2009) and SpaGeDi
(Hardy and Vekemans 2002).

Results
Table with the genetic variation parameters at nuclear microsatellites loci (multiloci), plastid haplotype and

Correlograms of kinship coefficient (Fij) for both genomes in each of the plots. Dashed lines with circles (○/●) indicate cpDNA and continuous lines with squares (□/■) indicate nDNA. Values

measures of spatial genetic structure within the plots of C. brevifolia

of Fij with significant deviation from zero at the 1% confidence level (after 10,100 permutations) appear in filled symbols and non-significant Fij values appear in empty symbols

Site

Tripylos

Mauroi Gremoi

Plot

Code

AR

Plot1A

Tr_1

7.37

0.64 -0.005n.s. 11.92 0.92

Plot1B

Tr_2

8.74

Plot1C

Tr_3

10.41 0.67 -0.018n.s. 16.64 0.92

-0.0181***

1.828

Plot1D

Tr_4

10.49 0.75 0.073n.s. 10.88 0.90 -0.0448*** -0.0424***

0.946

Plot1E

Tr_5

9.54

0.72 -0.044n.s. 12.80 0.90 -0.0102n.s.

0.0085n.s.

-0.833

Plot1F

Tr_6

6.15

0.62 -0.012n.s. 12.84 0.90

-0.0163*

0.0028n.s.

-0.172

Plot2A MG_1

9.08

0.61 0.154n.s.

8.84

0.85

-0.0204**

-0.0042n.s.

0.206

Plot2B MG_2

7.87

0.63

-0.016*

9.84

0.78

-0.0214**

-0.0056n.s.

0.262

SE_1

8.6

0.63 0.038n.s.

9.24

0.84

-0.0106*

-0.0004n.s.

0.038

Th_1

6.64

.064 0.005n.s.

8.88

0.58 -0.0043n.s. -0.0107n.s.

2.488

Plot5A EM_1

7.95

.071 -0.015n.s.

5.00

0.72 -0.0330*** -0.0451n.s.

1.367

Selladi tis Elias Plot3A
Throni
Exo Milos

Plot4A

He(n)

FIS

HR

He(h)

bFn

bFcp

bFcp/bFn

-0.0223**

-0.0340**

1.525

0.64 -0.095n.s. 11.88 0.88 -0.0259*** -0.0174n.s.

0.672

-0.0099*

AR: allelic richness per locus-rarefaction of 45 samples; HE(n): genetic diversity in nuclear genome; FIS: inbreeding coefﬁcient (n.s.-Not

 Fine-scale SGS was significant but showed contrasting patterns among plots. In C. brevifolia SGS results from restricted seed dispersal, but also in some plots from the shortdistance pollen dispersal. Such patterns on pollen dispersal are rather uncommon in wind-pollinated conifer species.

signiﬁcantly different at the 5% level. *-Signiﬁcantly different at the 5% level); HR: haplotypic richness (rarefaction of 48 samples); HE(h):
haplotype genetic diversity; bF: regression slope of kinship coefficients on log-transformed distance (bFn: for nDNA and bFcp: for cp-DNA;
significance level after 10,000 permutations—* P < 0.05, ** P < 0.01, *** P < 0.001, n.s non-significant).

Assessment of relatedness of seed and pollen dispersal in each plot by the comparison between: (i) jackknifed confidence intervals of nDNA kinship coefficients (jackknifed-CI for
nDNA-Fij: bars) and (ii) corresponding cpDNA kinship coefficients (cpDNA-Fij: circles).

 The results from both markers showed high diversity: nuclear HT = 0.70 and plastid HT = 0.93.
 Significant genetic differentiation at nuclear (GST = 0.052) and plastid (GST = 0.119) markers was found
among the formed sites.
 The sampling plots recorded uneven partition of genetic diversity at the site and at local scales; mirroring
the demography and genetic evolutionary factors that occurred in long-term at the intra-species level.

 When the cpDNA-Fij value is included in the range of the confidence interval (CI) of kinship
coefficients (Fij) for the nuclear genome, using a jackknifing procedure (jackknifed-CI for nDNAFij), then the two genomes can be considered equal (e.g., the two genomes are symmetrically
dispersed in space). Reversely, in the case where the two genomes are not considered equal in
SGS, then the cpDNA-Fij is not included in the range of the jackknifed-CI for nDNA-Fij (e.g. the
two genomes are asymmetrically dispersed in space as a result of different factors affecting
their dispersal in space).

Conclusion
The high genetic diversity of Cyprus cedar, suggests that the species did not experience severe bottleneck events or extensive genetic drift. In addition, the inter-population structure of sampling sites probably occurred due to fragmentation
of a previously uniform population. The sampling plots recorded uneven partition of genetic diversity at the site and at local scale, mirroring the demography and genetic evolutionary factors that occurred in long-term at the intra-species
level. The lack of a general and consistent trend of SGS among plots and between genomes indicates that pollen and seed dispersal varies at plot level. The complex SGS patterns in C. brevifolia may result from the unequal ratio of male and
female strobilies of trees within the same plots, at different reproductive periods.
Based on these conclusions, conservation measures could be proposed, towards maintaining the species’ genetic resources of such endemic and peripheral isolated plant populations (PIPP). A critical factor in such cases is the fingerprinting
of intra-population genetic diversity and its spatial structure even for narrowly distributed endemic tree species. In all cases, conservation measures need to ensure the dynamic processes within stands. Thus, this study argues that for PIPP
which recorded high genetic diversity and non-uniform distribution of genetic viability (complex genetic patterns), the several small conservation units seem to constitute the most rationalistic conservation units. In such case, forest genetic
micro-reserves (GMR) can be enacted, where on-the-point dynamic in situ conservation activities can be adopted, while the GMR could be used for ex situ conservation purposes. In conclusion, in PIPP the maintenance of genetic diversity
should be regarded as one of the main prerequisites for sustainable management and long-term survival of the species and its adaptation to a changing world.
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