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Additional file 7. Further details about the phylogeography of Pinus sylvestris and 

P. nigra and their relationship with G. isabellae. 

We revised the organelle and nuclear results available for Pinus sylvestris and P. 

nigra in order to gain insights into the phylogeography of the two confirmed hosts of 

Graellsia isabellae, focusing on the population structure in the Iberian Peninsula. 

Population structure is expected to be more easily detected using data from 

uniparentally inherited markers. Mitochondrial DNA is maternally transmitted in 

Pinaceae, although rare paternal transmission has also been reported (revised by [1]). 

Seed dispersal distances are short, usually within a 100 m radius of the mother-tree 

(revised by [2]). The chloroplast is predominantly transmitted by pollen in conifers. 

Airborne transportation of male gametes can result in effective pollination over 100 

km in Pinus sylvestris [3]. 

Floran et al. [4] defined three evolutionary units for the Scots pine: Spain, 

Northern/Central Europe and Northern Fennoscandia. Five works presented the 

variation in haplotype frequencies of 4-11 sites of the northern half of Spain: one 

variant [5-7] or two [8, 9] shared with other European sites. 

The two forms described within P. nigra Arn. subsp. salzmannii (Dunal) 

(hispanica occurs in the Betic Mountains and Central Iberian System, pyrenaica is 

found in the Pyrenees) meet at the Eastern Iberian System (revised by [10]). Some 

cytogenetic traits (18rDNA and fluorochrome banding patterns) were shared between 

the two eastern Iberian populations representing P. nigra salzmannii and the Balkan P. 

nigra dalmatica [11]. 

The Scots pine is widely acknowledged as a Tertiary relict [4, 6]. The 

differentiation of P. sylvestris occurring at the Eastern Iberian system, sharing a 

mitochondrial haplotype with the Balkans [9], clearly indicates an ancestral vicariant 
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event. It is therefore plausible that the high diversity currently found in the Eastern 

Iberian cluster (EI) of G. isabellae is the genetic footprint of a long-standing (maybe 

Tertiary) historical association between G. isabellae and Pinus spp. in that area. Pinus 

nigra is known to occur in the Eastern Iberian System (near Els-Ports, L4) at Eemian 

deposits dated as 112-84 kya [12]. Preliminary data suggested that the forests of P. 

nigra from eastern Spain showed some affinity with the Balkan area [11]. Indeed, two 

natural populations from eastern Iberia showed the highest genetic diversity of this 

species within Spain [13], but more information is needed before concluding whether 

the Eastern Iberian system harbours also the ancestral area for the Black pine in Spain. 

The occurrence of ancient (Tertiary origin) populations/species in the Eastern Iberian 

System/Ebro Valley has already been documented for 63 species of arthropods [14], 

who also surveyed the parallel biogeographical pattern of certain phytophagous insects 

feeding on Tertiary host plant relicts in that area. Phylogeographic surveys on two of 

those vicariant plants also revealed their high genetic diversity in the Eastern Iberian 

System [15, 16]. 

The severe climate changes reported during the last deglaciation led the 

distribution range of the Scots pine to expand so that around 8 kya P. sylvestris had 

occupied its entire potential area in Europe. After 7 kya, P. sylvestris started to decline 

in the south of the Iberian Peninsula (revised by [6]). At present, the only remnants of 

the P. sylvestris forest in South Spain are two small patches, Sierra Nevada and Baza, 

separated by about 80 km [17], not occupied by G. isabellae. The mid-Holocene 

reconstructions by Benito Garzón et al. [18, 19] were calculated for 6 kya, when the 

decline of the species had already started, so that those reconstructions might be 

reporting a fragmentation stage after the putative SI-CI connection. Alternatively, the 

predicted past distributions may have underestimated the actual range of the species 
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due to the assumptions taken when modelling [18]. Indeed, Sierra Nevada and Baza 

did not appear in the Mid-Holocene reconstructions by [18], but they do in the ones by 

[19]. 

We cannot rule out Pinus sylvestris to have carried G. isabellae from SI to CI, 

but in that case, the source of migrants had to be Baza, rather than Sierra Nevada. Both 

our cpDNA results and mitochondrial markers [8] revealed the deep divergence of 

Sierra Nevada and the other Spanish populations of Scots pine. Our cpDNA results 

included Baza within the “yellow” cluster of P. sylvestris, which actually includes 

Eastern Iberian System, Pyrenees and part of the Central Iberian System, e.g. 

Rascafría and Cercedilla, but not Peguerinos (Figure 4a). mtDNA Haplotype 

frequencies were similar in Baza and some localities of the Central Iberian System [5, 

7, 9]. Nuclear markers also revealed that Baza was genetically closer to the Central 

Iberian System than to the Eastern Iberian one [20]. These authors also highlighted the 

noticeable divergence between Baza and the rest of their so-called “second cluster”. 

Therefore, the isolation of Baza from the Central Iberian System took place after the 

differentiation of the red (western) and yellow (eastern) groups of P. sylvestris (Figure 

4a), which presumably date back to the LGM.  

Pinus nigra could have also allowed G. isabellae to reach the Central Iberian 

System. Our reanalysis of cpDNA revealed footprints of male geneflow between the 

Black pine from the southernmost and central Spanish sites, the Central Iberian forest 

and one of the Eastern Iberian ones (Figure 4b). However, G. isabellae has not been 

found in Baza nor Huelma, but a bit north and eastwards, as for instance in Cazorla, 

whose Black pines grouped instead with the Iberian System. Only if G. isabellae were 

found in Sierra Nevada (a possibility revised by [21]) and/or Baza, one could get a 

deeper insight into the colonisation of the Central Iberian System. 
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