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a catkin, d) Acorns (Photos: C. Arias [a and b] and C. Giraldo 
[c and d]
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contour lines and main roads b) Green represents forests where oaks 

were expected c) Detail of the sampling areas in the forest. It describes 
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1. INTRODUCTION
Habitat loss and fragmentation are recurrent issues in conservation biology where human impact is the main cause affecting distribution and abundance of many species by reducing local population sizes and genetic connectivity (Grivet et al. 2008; Stockwell et al. 2003). In the landscape ecology approach, fragmentation is perceived as the subdivision of natural habitats in a mosaic of patches differing in size, shape, connectivity and spatial distribution (Forman & Godron 1981; Galicia et al. 2008). Population genetics theory predicts that plant population structure develops a patchy distribution of genotypes under restricted gene flow and selective neutrality (Turner et al. 1982; Wright 1943).

Diverse populations are better able to resist environmental variation and disease outbreaks. For small and isolated populations chance events become more important because there is less random mating and less migration. This results in a reduction in the number of heterozygotes and a higher probability of allele fixation, reducing the chances of surviving stochastic environmental changes and increasing the extinction risk for the small populations (Geffen et al. 2007; Hartl & Clark 1997).

The Andean oak (Quercus humboldtii Bonpl.) is a recently evolved species of the Fagaceae family that entered into South America in Pleistocene times (350,000 years BP = Before Present) (Hooghiemstra 2006; Hooghiemstra & Van der Hammen 2004; Hooghiemstra et al. 2006; Nixon & Crepet 1989; Van der Hammen 1964, 2001; Van Der Hammen & Cleef 1983). In America, Quercus species are found from Canada to Colombia, and they show decreasing diversity in the Neotropics ending in the southwest of Colombia with a single and endemic species: Q. humboldtii Bonpl. (Axelrod 1983; Cavelier 1993; Hooghiemstra 2006). Andean oak ecosystems have a high biological richness housing a large variety of trees, shrubs, epiphytic orchids and bromeliads, ferns, bryophytes, lichens and fungi. The avifauna is among the greatest worldwide, and large mammals such as jaguars, tapirs, peccaries and deer are still found. The oak cloud forests filter large air masses capturing water and nutrients. However, from the 1800’s onwards wood extraction for timber, charcoal, and fuel, as well as coffee plantations and pastures for cattle, have been diminishing oak ecosystems (Calderon 2002; Fernández & Sork 2007; Kappelle 2006).

In a fragmented landscape there can be corridors that may function as habitat, dispersal conduits, or barriers (Forman & Gordon 1986). The conservation corridor Guantiva - La Rusia – Iguaque is a large area dominated by Q. humboldtii that is recognized as a strategic area for Q. humboldtii ecosystem conservation (WWF-Colombia 2007). It was designated conservation corridor by the Fundación Natura of Colombia as a protection space where they have been developing different biological and social research programs for at least twelve years. The main focus has been on oak ecosystem conservation, rather than efforts to connect the subpopulations via true “corridors” (Solano et al. 2006).
Since the effect of genetic drift depends on the number of generations for which a population remains small the loss of variation is less evident for species with long generation times (Young et al. 1996). Genetic drift should be most evident comparing long term generations because new generations must start showing the isolation effects of fragmentation. Fernández and Sork (2007) compared the overall genetic diversity of Q. humboldtii adult and seedling cohorts in a relatively small area of this conservation corridor between Villa de Leyva and Arcabuco, department of Boyacá (73º30’13’’W, 5 º43’14’’). They found that the adult and seedling Andean oak populations appear to be as genetically diverse and resilient as temperate oak species (Aldrich et al. 2003; Aldrich et al. 2002; Isagi & Suhandono 1997; Steinkellner et al. 1997). Their AMOVA analysis suggested that at small habitat scales differentiation among adult trees is high (Φ > 0), but at larger scales the differentiation disappears (ΦLT ~ 0). No significant spatial pattern was observed for the seedlings at any scale (Fernández & Sork 2007).

In this report, we further investigate the relationship between genetic diversity and landscape features of the Andean oak populations across the entire oak ecosystem within the conservation corridor Guantiva - La Rusia – Iguaque, foremost to evaluate the conservation state of this endemic species. We used both Geographical Information System (GIS) tools and molecular genetic analyses to compare the landscape and genetic structure to evaluate the connectivity, fragmentation and diversity across the corridor. Specifically, we examined three issues: (1) Potential genetic diversity loss due to fragmentation was evaluated by examining and comparing the genetic diversity of both adult (A ~ 40 cm dbh = diameter at breast height) and juvenile (J < 1 cm dbh) trees; (2) Relationship between physical and genetic distance between subpopulations to look for evidence of fragmentation, gene flow and population structure; (3) Address whether there is higher genetic diversity in large and connected subpopulations than in small and isolated ones.
2. METHODOLOGY
2.1. QUERCUS HUMBOLDTII BONPL.
Quercus humboldtii usually has a nonspecific canopy structure and is distributed in the three Andean mountain ranges in the northwest of South America from 1500 to 3400 meters. This species has stipulated leaves, which are alternate with entire margins. They also have stellate hairs and pinnate venation (Figure 1a). The inflorescences are unisexual (monoecious). Female flowers are found in terminal head-like clusters (Figure 1b), the ovary is inferior with axial placentation and two ovules per locule, with all but one aborted. Male flowers are radial, and aggregated in catkins (Figure 1c). The pollen grains are tricolpate. Like all oaks, this species is wind-pollinated. Oak fruits are nuts (acorns) mainly dispersed by gravity (Figure 1d) (Manos & Stanford 2001; Petit et al. 1997; Steinkellner et al. 1997).
There are different plants and animal species associated with the Andean oak ecosystems. In fact, some animals as the red howled monkeys (Alouatta seniculus), squirrels (Sciurus granatensis), peccaries (Tayassu sp), agouties (Agouti sp.), guans (Penélope sp.) and parrots (e.g. Hapalopsittaca amazonina) among others are been recognized as oak seed dispersers (Fernandez-Manjarres et al. 2006; Natura 2007; WWF-Colombia 2007).

2.2. STUDY AREA

The conservation corridor Guantiva - La Rusia – Iguaque is located between 1850 and 3500 meters above sea level on the western slope of the eastern mountain range of the Colombian Andes. It is located between Boyacá, Santander and a few areas of Cundinamarca regions (Figure 2). It includes 32 municipalities and is heavily populated with about 618,775 inhabitants distributed over urban areas (25%) and rural areas (75%) (Cavelier et al. 2001; Natura 2007; Solano et al. 2006).

The mean annual temperature varies between 12 ºC to 24ºC. There are areas with an annual precipitation of 3000 mm (Coromoro, Santander). Other areas are very dry with less than 800 mm (Santa Sofía, Boyacá and Curiti, Santander). The rainfall regimen is bimodal with two dry seasons in December-May and June- August, and two rainy seasons in April-May and September-October (Cavelier et al. 2001; Natura 2007; Solano et al. 2006).

2.3. SUBPOPULATIONS CONNECTIVITY

Using a coverture map (IAvH 2004) the landscape fragmentation parameters were obtained using

Fragstats (version 3.3; http://www.umass.edu/landeco/research/fragstats/ fragstats.html). The number of patches (NP) was used as a measure of the degree of fragmentation. Covertures with a larger number of patches are characterized by small, highly isolated patches with low structural connectivity (Galicia et al. 2008; McGarigal & Marks 2003). The connectivity of the natural cover classes (Forest, Secondary Forest, and Páramo) was determined using the Euclidean Nearest-Neighbor (ENN) distance, and the patch cohesion index (COHESION). The Euclidean Nearest-Neighbor distance (meters) is measured from one patch to the nearest neighboring patch of the same type (class). It is based on patch edge-to-edge distance, computed from cell center to cell center. The patch cohesion index is computed from the information contained in patch area and perimeter. It is proportional to the area-weighted mean perimeter-area ratio divided by the area-weighted mean patch shape index (Schumaker 1996). The patch cohesion index increases monotonically as the proportion of the landscape comprised of the class increases (Fragstats 3.3).
2.4. SAMPLE DESIGN

The corridor was subdivided into 6 subpopulations establishing 2 transects per subpopulation: (A)

Tipacoque and Soatá, (B) Encino and Sincelada, (C) Cachalú and Charalá, (D) Moniquirá 1 and

Moniquirá 2, (E) Iguaque and Arcabuco, and (F) Gachantivá 1 and Gachantivá 2 (Table 1, Figure 2). In the subpopulation D and F transects were named as 1 and 2 because they were located in the same municipality. During 2008 we collected leaves of adult oaks (A ~ 40 cm dbh) and leaves of juveniles oaks (J < 1 cm dbh) in good condition (3 grams approximately) assembling 10 individuals per cohort per transect (except in Sincelada where no juveniles were found during the sampling period). For adult trees we measured both the diameter at breast height (dbh) and height as reference for age (Clark & Hallgren 2004; Tome et al. 2006). The sampling points were geo-referenced using a global positioning system (GPS) unit. The leaves were transported in bags with silica gel to protect the vegetative material from degradation (Fernández et al. 2000).

2.5. LABORATORY PROCEDURES

After dehydration in the silica gel, the leaves were macerated in liquid nitrogen and kept at -80°C until the next procedure. For DNA extraction, the DNeasy® (Qiagen 2004) kit was utilized following the manufacturer’s instructions. We employed a set of five standardized red oak microsatellites (Aldrich et al. 2003; Aldrich et al. 2002). These appear to be more polymorphic than the set of microsatellites used by Fernández et al. (2000) (Table 2, Barrios and Palacio in prep.). PCR reactions were performed as described by Fernández et al. (2000). PCR products were tested using agarose gels (1.5% ethil-bromide) to verify the quality of the DNA. Then the PCR products were run and analyzed using polyacrylamide gels (4%) on a standard vertical electrophoresis DNA sequencer (Gibco BRL® with the Kodak® Digital Science V 2.0.3 software) with silver nitrate staining using an Invitrogen® standard size marker of 10- 330 bp (Barrios 2005; Bassam et al. 1991). For each microsatellite we generated a matrix of presence and absence for each allele identified.

2.6. MOLECULAR ANALYSIS
Genalex 6 (Peakall & Smouse 2006), Population Genetic Analyses (Yeh et al. 2004), and TFPGA (Miller 1997) were used to evaluate the genetic diversity and structure among and within cohorts per subpopulations(A-F). For the analysis, subpopulation E was split in two subpopulations, Iguaque (E1) and Arcabuco (E2), as they were not physically connected (Figure 3). We calculated the total number of alleles (Na), effective number of alleles (Ne), allelic frequencies (Na freq), and private alleles per locus. Also, observed heterozygosity (Ho) and expected heterozygosity (He) were discriminated.
As our sample sizes were small (less than 50-75 observations per locus per cohort and subpopulation) to

measure the Hardy – Weinberg equilibrium (HWE) with a Chi square test, we calculated the probability

of all possible sample configurations (Guo & Thompson 1992; Miller 1997). We evaluated if there were

significant differences between the allele frequencies of adults (A) and juveniles (J) per subpopulation

using an exact test for population differentiation (Raymond & Rousset 1995a). We used 10 batches and

2000 permutations per batch (Miller 1997, TFPGA version 1.3. available at

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

The genetic structure was described by an analysis of molecular variance (AMOVA) (Excoffier et al. 1992; Peakall et al. 1995), where the results are given as the standard variation among and within subpopulations. Wright (1943) defined the fixation index (F-statistic) with HWE and heterozygous average among subpopulations (S), organisms with random mating (HS), the average of heterozygous within regions (R) among subpopulation organisms (HR), and the average of heterozygous among subpopulation organisms within the total (T) population (HT). The following indices were used:

FIS = (HR – HS) / HR

FST = (HT – HS) / HT

Where the introgression index FIS is heterozygosity decreasing among subpopulations within regions (HR – HS) relative to HR. The fixation index FST is the genetic structure of the population giving the quantitative expressions for the subpopulation differences and its effect in the total population (Hartl & Clark 1997; Wright 1943).

FIS and FST were measured for each subpopulation calculated on a per locus basis, and were compared among and within subpopulations. High values of FIS (values between -1 and 1) indicate introgression and high FST values indicate genetic differentiation (Lynch & Milligan 1994; Peakall & Smouse 2006; Wright 1943, 1982).

Variation among subpopulations was estimated with Nei’s genetic diversity statistics (Nei 1973, 1978; Peakall & Smouse 2006) individually for each cohort. It was constructed a dendrogram using Genepop to differentiate the genetic distance between subpopulations (François 2008; Raymond & Rousset 1995b).
3. RESULTS

3.1. SUBPOPULATION CONNECTIVITY

The landscape metrics analysis allowed to distinguish coverture classes in 3,999 patches differing in size, shape, and connectivity. As shown in Figure 2 and Table 3, approximately 33.5% of the study area is dominated by a combination of grassland and agricultural fields. There were discriminated the natural areas as Forest, Secondary Forest and Páramo knowing that the Andean oak is usually distributed in these cover types (Calderon 2002; Cavelier 1993; Cavelier et al. 2001; Kappelle 1996, 2006). The natural areas are distributed over approximately 32.5% of the study area. The secondary forest coverture had an elevated fragmentation pattern with a high number of patches (824, ~63,907 ha) compared with the other natural areas: forest (156, ~123,265 ha), and Páramo (79, ~42,069 ha). The mean ENN distance was approximately 1118 meters between forest patches, approximately 1201 meters between the secondary forest patches and approximately 1821 meters between the Páramo patches (Figure 3). Hence, there was a relatively close relationship between the natural areas of the corridor. The patch cohesion index indicated that the forest class (COHESION = ~97%) and the Páramo class (COHESION = ~94%) were more physically connected than the secondary forest class (COHESION = ~71%).

3.2. GENETIC DIVERSITY

In general, there was no pattern indicating allele fixation, as there were many alleles, and high levels of heterozygosity for each locus across both subpopulations and cohorts within subpopulations. Nevertheless, some of the alleles were not shared between both cohorts (Figure 4, for more detail see S1). There was a great deal of genetic diversity across the population and within each subpopulation. For each cohort within each subpopulation, there were more than 6 alleles. The mean number of effective alleles (Ne), which is known as the number of equally frequent alleles in an ideal population with gene diversity equivalent to the actual population, was higher than 5.3 for most of the subpopulations for both cohorts. There were lower values for the adults of (B) Encino-Sincelada (Ne = 4.5) and for the juveniles of (E1) Iguaque (Ne = 4.5) and (E2) Arcabuco (Ne = 4.6). Allele frequencies were higher or equal to 5% for all subpopulations, but there were no allele frequencies above 25% (Table 4, Figure 5)

For the adults, there were 24 alleles were private ( = 0.039), although frequencies were higher in (C) Cachalu-Charala and (F) Gachantiva (F > 0.1). For the juveniles, 20 alleles were private ( = 0.044) and relatively high frequencies (F > 0.1) where found in (A) Tipacoque-Soata, and (F) Gachantiva (Figure 5a).
In general, when we looked at the introgression coefficient (FIS, Table 6) per subpopulation was

marginally higher for juveniles (FIS = 0.132) than for adults (FIS = 0.088) (Table 4). With the exact test we confirmed that there were significant differences between adults and juveniles in four of the subpopulations (PA = 0.0002, PC = 0.0000, PD = 0.0002, PF = 0.0013) but not in three of them (PB = 0.6691, PE1 = 0.1201, PE2 = 0.3556) (Table 5). 

The averages levels of expected heterozygotes (He) were similarly distributed across loci for adults (He = 0.787) and juveniles (He = 0.772) as well as the observed heterozygosity (Ho) for adults (Ho = 0.721) and for juveniles (Ho = 0.720) (Table 4 and 6, for more detail see S2).

3.3. GENETIC STRUCTURE

The AMOVA analysis demonstrated that there is a very high diversity within transects and subpopulations (97%) and a low differentiation between transects and subpopulations (3%). Comparing transects, the FST showed that although in the population there is a moderate genetic differentiation, there is less differentiation among adults (FST = 0.34) than among juveniles (FST = 0.50). Also, between subpopulations the variance among adults was demonstrated to be less (FST = 0.029, P < 0.001) than for juveniles (FST = 0.034, P < 0.001) (Table 7).

The dendrogram gave us an estimate of the topology of the differences in the genetic distance among subpopulations based on genetic distance of Nei (1978). We compared both cohorts separately demonstrating that there was no structure relating subpopulations that are physically close to each other. Also, the connectivity between populations seems to be clear as subpopulations A and F are closely related for both adults and juveniles (Figure 6, for more detail see S3).

4. DISCUSSION

Our goal was to investigate the relationship between landscape features and genetic diversity of the endemic oak Q. humbolditii of Colombia across the entire ecosystem within the conservation corridor Guantiva - La Rusia – Iguaque in order to establish a framework for future conservation and monitoring. Specifically, we compared landscape metrics with the genetic diversity and the genetic structure of adults and juveniles of the subpopulations. We found a physical and genetic connectivity although fragmentation may have an impact on the new generations of the corridor.

We used geographical information systems (GIS) to visualize the spatial patterns in the corridor to evaluate potential fragmentation, particularly in the southern part of the corridor (Figure 2). Evaluating the landscape structure we confirmed that the main components of the region were a combination of grassland and agricultural fields (32%). However, we also showed that natural areas still occupied a large area (32%). Oak ecosystems were found in a relatively large number of patches (Forest = 156 and Secondary forest = 824, respectively) and there was a relatively close relationship between patches (ENN_MN ≤1201 meters) and they seemed physically connected (COHESION > 71%).

Because the effects of fragmentation are exposed to different process occurring simultaneously we also tested the genetic diversity and structure of the corridor. Consistent with previous studies (Barrios 2005; Fernández & Sork 2005, 2007) our analysis indicated that there were high levels of genetic diversity (as measured by levels of heterozygosity for both adult and juvenile, see Table 6). Our results were similar to those found in Quercus species examined with microsatellites markers (Aldrich et al. 2003; Aldrich et al. 2002; Dutech et al. 2005; Fernández & Sork 2005, 2007; Fernández 2000; Lexer et al. 2000; Steinkellner et al. 1997), suggesting that Q. humboldtii has not experienced extreme fragmentation and/or a recent genetic bottleneck. In fact, all loci were polymorphic for both cohorts in the subpopulations of the corridor. In addition, Q. humboldtii showed a great genetic diversity as deduced from the values of expected heterozygosity (He = 0.787 for adults, and He = 0.772 for juveniles) and observed heterozygosis (Ho = 0.721 for adults, and Ho = 0.720 for juveniles) (see Table 6). The high frequencies (F > 0.1) of the private alleles for both cohorts; in (C) Cachalu-Charala and (F) Gachantivá for the adults, and in (A) Tipacoque-Soata and (F) Gachantiva for the juveniles; prioritize these subpopulations for the conservation of Q. humboldtii genetic diversity.

The elevated genetic diversity and endemism of Q. humboldtii are partially attributable to the biogeographic history of the genus. In Colombia Quercus only became abundant in pollen records after 300,000 years BP. Earlier, pollen records showed that it was in Central America from the start of the Miocene until the Pliocene (approximately 3500 -10 million BP). After crossing the Panama isthmus, Quercus did not go further than the Colombian – Ecuadorian border presumably because it was exposed to different environmental and competition pressures reducing its migration rates (Hooghiemstra 2006; Hooghiemstra & Van der Hammen 2004; Hooghiemstra et al. 2006; Morley 2000; Van ‘t Veer et al. 2000). Another factor that potentially contributed to the high genetic diversity this genus is its ability of hybrithization. For example, before 1993 there were seven species of Quercus recognized for Colombia that were not sufficiently differentiated genetically to be considered different species (Cavelier 1993; Nixon 2006). Oaks might be able to maintain large population sizes by long distance pollen movement maintaining the connectivity (Sork & Smouse 2006).

The juveniles show a different genetic structure than adults suggesting different selection pressures, or the loss of diversity due to recent fragmentation (Table 5 and Table 6). This premise is demonstrated as we found marginally higher levels of introgression for the juveniles (FIS = 0.132) than for the adults (FIS = 0.088) (Table 4), and less differentiation among adults (FST = 0.029, P < 0.001) than among juveniles (FST = 0.034, P < 0.001) (Table 7).
When we independently analyzed the genetic structure of the adults and juveniles within each subpopulations of the corridor, we found significant differences for four of the subpopulations: (A) Tipacoque-Soata, (C) Cachalu-Sincelada, (D) Moniquirá, and (F) Gachantivá. However, there were no differences within three subpopulations: (B) Encino-Sincelada, (E1) Iguaque and (E2) Arcabuco, probably because of the low number of samples (Table 5).

The dendrogram (Figure 6) gave us an estimate of the topology of the differences in the genetic distance among subpopulations based on the Nei (1978) genetic distance. We compared both cohorts separately demonstrating that there was no genetic structure relating subpopulations that were physically close to each other. The most related subpopulations seemed to be (C) Moniquirá with (E1) Iguaque and (A) Tipacoque-Soatá with (F) Gachantivá. Apparently, subpopulations that are physically far apart from each other were closely related genetically, both for adults and juveniles.

Our study confirmed that, although the conservation corridor Guantiva – la Rusia – Iguaque has a fragmented landscape, there is a physical and genetic connection between the subpopulations. However, the actual scenario of fragmentation is revealed in the juveniles (FST = 0.062). Thus, it will be important to identify the main causes of the fragmentation and to compare the complete structure of the species, searching for the conservation condition of this endemic species for the Andes. Also, it is interesting to study the interactions between Q. humboldtii and Colombobalanus excelsa [Lozano, Hdz-C & Henao] Nixon & Crepet (the black oak). The latter is also an endemic and threatened Fagaceae species. Both species share the same habitat in a few restricted places in Colombia. In the current study, in (C2) Charalá, we found one population of C. excelsa. However, juveniles and seedlings in that population were lacking. Perhaps, this indicates that both species share the same resources, and that Q. humboldtii is the better competitor.

To finalize, the conservation corridor Guantiva- La Rusia – Iguaque is located between two main roads connecting the center of Colombia with its northeastern parts. Historically the corridor was a colonization area due to the development of urban areas along the main roads (Figure 2a). Throughout the corridor there are small towns and rural areas with agricultural and livestock economy (Salinas & Cárdenas. 2007; Solano et al. 2006). In 2003 the corridor was formally established by the inhabitants of the region and different national and international conservation entities, coordinated by the Fundación Natura and supported by The Nature Conservancy, USAID and McArthur foundation (Solano et al. 2006; Solano & Vargas-T 2006). Our results may contribute to compare the impact of different conservation approaches, and to understand the evolutionary pressures that are driving the distribution patterns of the Andean oaks.
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Figure 1. a) Quercus humboldtii leaf, b) female flowers, c) male flowers in a catkin, d) Acorns (Photos: C. Arias [a and b] and C. Giraldo [c and d].
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Figure 2. Location of the conservation corridor Guantiva-la Rusia-Iguaque a) Study area in the northeast mountain range of Colombia including contour lines and main roads b) Green represents forests where oaks were expected c) Detail of the sampling areas in the forest. It describes six sampling locations (A-F).
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Figure 3. Detail of the locations of the subpopulations Iguaque (E1) and Arcabuco (E2).
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Figure 4. Alleles frequencies per locus divided by cohort. The bars represent the frequencies of the alleles in the subpopulations. The five microsatellites loci exhibited 90 alleles in total, 13 for OM05, 18 for OM07, 15 for OI01, 18 for I115, and 26 for IJ11.
[image: image9.jpg]



Figure 5. Summary of the allelic patterns in each subpopulation differentiating cohorts. Shown are the mean number of different alleles (Na), the allele frequency (Na Freq >= 5%), the number of effective alleles (Ne), number of private alleles, number of locally common alleles (Freq.>= 5%) found in <= 50% of the population, and expected heterozygosity (He).
[image: image10.jpg]



Figure 6. Dendrogram Based Nei's (1978) Genetic distance (GST) a) adults of the subpopulations and b) juveniles of the subpopulation.
Table 1. Sampling locations including the number of individuals collected (N) and the geographical reference.
	Location name
	Transects Name
	N 
	Latitude 
	Longitude

	Tipacoque
	A1J 
	10 
	6.3827222 
	-72.7295556

	
	A1V 
	11 
	6.3715556 
	-72.7225556

	Soatá 
	A2J 
	10 
	6.3557222 
	-72.7334167

	
	A2V 
	10 
	6.3543056 
	-72.7345833

	Encino 
	B1J 
	9 
	6.0689722 
	-73.0282500

	
	B1V 
	10 
	6.0770556 
	-73.0314444

	Sincelada 
	B2V 
	4 
	6.2058889 
	-73.0365000

	Cachalú 
	C1J 
	13 
	6.0694167 
	-73.1318611

	
	C1V 
	10 
	6.0721389 
	-73.1285556

	Charalá
	C2J 
	10 
	6.0730000 
	-73.1924722

	
	C2V 
	10 
	6.0730833 
	-73.1920833

	Moniquirá 1
	D1J 
	6 
	5.8572778 
	-73.5086111

	
	D1V 
	10 
	5.8571111 
	-73.5085556

	Moniquirá 2
	D2J 
	11 
	5.8251944 
	-73.5136111

	
	D2V 
	10 
	5.8251667 
	-73.5136389

	Iguaque
	E1J 
	11 
	5.7131389 
	-73.4649167

	
	E1V 
	10 
	5.7128889 
	-73.4651667

	Arcabuco
	E2J 
	10 
	5.8026667 
	-73.4508333

	
	E2V 
	10 
	5.8025556 
	-73.4507222

	Gachantiva 1
	F1J 
	13 
	5.8025556 
	-73.4507222

	
	F1V 
	11 
	5.7446667 
	-73.5260000

	Gachantiva 2
	F2J 
	10 
	5.7466667 
	-73.5233056

	
	F2V 
	10 
	5.7465278 
	-73.5233056


Table 2. Microsatellites (Aldrich et al. 2003; Aldrich et al. 2002) were used to evaluate the genetic

diversity of the oak individuals within the conservation corridor Guantiva – La Rusia – Iguaque including the laboratory modifications regarding Mg ++ and Temperature (ºC) as proposed by Barrios (2005).
	Locus
	(GA)n
	Primer sequences (5' ----- 3')

Forward (F)

Reverse (R)
	Mg ++ (μl)
	T (ºC)
	Base pares

	GA-OM05
	(GA)20
	F CTACAAGTTACATGCCCAATCA

R CTTTGCGCAGGTCCATTAC
	2.0 
	53 
	184-215

	GA-OM07
	(GA)19
	F TTTAGCATCACATTTCCGTT

R TTTTGTGTCATCCGGTATTA
	1.5 
	45 
	185-209

	GA-0I01
	(GA)16
	F GGGCTATCAAGTAAGTGCTTAAC

R ACGCCATCCCTATAACACA
	1.3 
	56 
	196-218

	GA-I115
	(GA)23
	F CAGCCTCATCGATTACCCCAAAC

R GGTCGCTGAGGGGGAAAG
	1.3 
	53 
	186-226

	GA-IJ11
	(GA)20
	F AGTTTGGGTCAAATACCTCC

R AGATAATCCTATGATTGGTCGAG
	1.5 
	53 
	194-240


Table 3. Summary of the landscape metrics used to evaluate the landscape structure. Area, number of patches (NP), Euclidean Nearest-Neighbor (ENN) distance, and patch cohesion index (COHESION) were measured for nine coverture classes of the study area. The three classes of natural areas are in bold typeface.
	Coverture
	Class Area

(Ha)
	Area %
	NP
	ENN_MN

(m)
	ENN_SD

(m)
	ENN_CV

(m)
	COHESION

(%)

	Forest 
	123265 
	18 
	156 
	1199 
	957 
	80 
	97

	Páramo 
	42069 
	6 
	79 
	1430 
	1822 
	127 
	95

	Secondary Forest 
	63907 
	9 
	824 
	1201 
	701 
	58 
	71

	Grassland and Agricultural fields 
	227964 
	32 
	799 
	988 
	232 
	24 
	97

	Grassland 
	87410 
	12 
	1061 
	1165 
	511 
	44 
	87

	Xerophytic vegetation 
	25555 
	4 
	32 
	954 
	121 
	13 
	92

	Grassland and secondary vegetation 
	34964 
	5 
	287 
	1634 
	1224 
	75 
	79

	Mixed cultures 
	94709 
	13 
	702 
	1169 
	514 
	44 
	91

	Natural areas and cultures 
	2130 
	0 
	59 
	2581 
	3706 
	144 
	36


Table 4. Summary of the number of samples per subpopulation (N), number of alleles (Na), number of effective alleles (Ne), observed heterozygosity (Ho), and expected heterozygosity (He).
	
	Adults
	Juveniles

	
	N 
	Na 
	Ne 
	Ho 
	He
	N 
	Na 
	Ne 
	Ho 
	He

	A
	20.6 
	9.8 
	5.850 
	0.684 
	0.776 
	19.2 
	9.4 
	6.143 
	0.674 
	0.778

	B
	13.0 
	8.0 
	4.519 
	0.660 
	0.742 
	9.0 
	7.4 
	4.872 
	0.820 
	0.760

	C
	19.6 
	10.2 
	6.302 
	0.797 
	0.808 
	22.6 
	10.2 
	6.639
	0.741 
	0.821

	D
	19.8 
	10.2 
	6.760 
	0.696 
	0.826 
	17.0 
	9.0 
	6.217 
	0.729 
	0.801

	E1
	10.0 
	7.8 
	5.632 
	0.820 
	0.781 
	11.0 
	6.6 
	4.551 
	0.655 
	0.743

	E2
	10.0 
	8.0 
	6.231 
	0.700 
	0.810 
	10.0 
	7.2 
	4.609 
	0.720 
	0.713

	F
	20.2 
	9.2 
	5.360 
	0.695 
	0.768 
	23.0 
	10.4 
	6.534 
	0.704 
	0.795


Table 5. Differences between adults and juveniles within the subpopulations (A-F) per loci using the exact test (Raymond & Rousset 1995). Listed are the probabilities per locus (TFPGA version 1.3.,1000 dememorization steps, 10 batches and 2000 permutations per batch: 2000)
	
	A
	B
	C
	D
	E1
	E2
	F

	OMO5 
	0.0078 
	0.1629 
	0.1476 
	0.0444 
	0.1719 
	0.5866 
	0.1592

	OMO7 
	0.0299 
	0.4039 
	0.0000 
	0.0293 
	0.6530 
	0.5420 
	0.3241

	OIO1 
	0.4177 
	0.8593 
	0.4181 
	0.0074 
	0.0137 
	0.8829 
	0.0062

	I115 
	0.0029 
	0.5908 
	0.0087 
	0.0227 
	0.4046 
	0.0198 
	0.0060

	IJ11 
	0.1702 
	0.6741 
	0.2171 
	0.1875 
	0.7523 
	0.7283 
	0.2928

	Overall* 
	0.0002 
	0.6691 
	0.0000 
	0.0002 
	0.1201 
	0.3556 
	0.0013


*DF = 10
Table 6. Global genetic diversity results for adults and juveniles per transects within subpopulations in the conservation corridor Guantiva-La Rusia-Iguaque. Included are the mean observed heterozygosity (Ho), mean expected heterozygosity (He) of the total subpopulations, the introgression coefficient within individuals relative to the subpopulations (FIS), and the fixation index (FST) within subpopulation relative to all the subpopulations.
	
	Adults

	Locus 
	Mean He 
	Mean Ho 
	FIS 
	FST

	OMO5 
	0.739 
	0.711 
	0.038 
	0.058

	OMO7 
	0.827 
	0.809 
	0.023 
	0.070

	OIO1 
	0.684 
	0.576 
	0.158 
	0.056

	I115 
	0.784 
	0.602 
	0.232 
	0.039

	IJ11 
	0.902 
	0.912 
	-0.011 
	0.033

	
	Juveniles

	OMO5 
	0.754 
	0.778 
	0.024 
	0.054

	OMO7 
	0.833 
	0.763 
	0.135 
	0.055

	OIO1 
	0.659 
	0.547 
	0.233 
	0.075

	I115 
	0.716 
	0.564 
	0.285 
	0.093

	IJ11 
	0.903 
	0.952 
	-0.018 
	0.035

	mean Adults (SE) 
	0.787 (0.015) 
	0.721 (0.029) 
	0.088 (0.046) 
	0.051 (0.07)

	mean Juveniles (SE) 
	0.772(0.018) 
	0.720(0.032) 
	0.132 (0.058) 
	0.062 (0.010)


Table 7. Results of the analysis of molecular variance (AMOVA) for adults and juveniles measured

separately among and between transects and subpopulations. Included are degrees of freedom (DF), Sum of squares (SS), the variance components (Est. Var.), the percentage of the variance, and the fixation index (FST)
	
	Adults 
	Juveniles

	Source 
	df 
	SS 
	MS 
	Est. Var. 
	% 
	FST 
	df 
	SS 
	MS 
	Est. Var. 
	% 
	FST 

	Among Transects
	11 
	37.773 
	3.434 
	0.072 
	3
	0.034*
	10 
	41.182 
	4.118 
	0.104 
	5
	0.050*

	Within Transects
	220 
	448.964 
	2.041 
	2.041 
	97
	
	213 
	426.318 
	2.001 
	2.001 
	95
	

	Among (sub)pops
	6 
	24.163 
	4.027 
	0.060 
	3
	0.029*
	6 
	26.019 
	4.336 
	0.072 
	3
	0.034*

	Within (sub)pops
	225 
	462.574 
	2.056 
	2.056 
	97
	
	221 
	449.731 
	2.035 
	2.035 
	97
	


* P ≥ 0.001 (Based on 999 permutation across the full data set)
S1. Allele frequencies for both cohorts in the subpopulations, there are discriminated the alleles per each locus.
	Cohort 
	Adults 
	Juveniles

	subpop
	A
	B
	C
	D
	E1
	E2
	F
	A
	B
	C
	D
	E1
	E2
	F

	Locus
	Allele
	
	

	OMO5
	1
	-
	-
	-
	0.075
	-
	-
	-
	-
	-
	-
	0.118
	-
	-
	0.022

	
	2
	-
	-
	0.050
	-
	-
	-
	-
	-
	-
	-
	0.059
	-
	-
	-

	
	3
	0.095 
	0.107 
	0.050 
	0.050 
	0.050 
	- 
	0.024 
	0.200 
	0.200 
	0.109 
	0.088 
	-
	0.100 
	0.022

	
	4
	0.167 
	0.357 
	0.275 
	0.325 
	0.400 
	0.200 
	0.119 
	0.150 
	0.050 
	0.326 
	0.324 
	0.091 
	0.350 
	0.174

	
	5
	0.333 
	0.179 
	0.425 
	0.225 
	0.150 
	0.450 
	0.310 
	0.200 
	0.400 
	0.239 
	0.324 
	0.364 
	0.250 
	0.348

	
	6
	0.333 
	0.107 
	0.050 
	0.200 
	0.200 
	0.200 
	0.476 
	0.350 
	0.150 
	0.196 
	- 
	0.273 
	0.250 
	0.304

	
	7
	- 
	0.107 
	0.075 
	0.025 
	0.100 
	0.100 
	0.024 
	0.100 
	0.050 
	0.087 
	0.029 
	0.227 
	0.050 
	0.109

	
	8
	- 
	0.036 
	- 
	- 
	- 
	- 
	- 
	- 
	0.050 
	- 
	-
	-
	-
	-

	
	9
	-
	-
	0.025
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	11
	0.024 
	- 
	0.050 
	- 
	0.050 
	0.050 
	
	-
	-
	-
	-
	0.045
	-
	-

	
	12
	-
	0.036
	-
	-
	0.050
	-
	-
	-
	0.100
	-
	-
	-
	-
	-

	
	13
	-
	-
	-
	-
	-
	-
	0.048
	-
	-
	-
	-
	-
	-
	0.022

	
	26
	0.048 
	0.071 
	- 
	0.100 
	-
	-
	-
	-
	-
	0.043 
	0.059
	-
	-
	-

	OMO7
	1
	- 
	- 
	0.025 
	0.075 
	0.050 
	0.150 
	-
	-
	-
	0.022 
	0.059 
	- 
	0.050 
	-

	
	2
	- 
	0.071 
	- 
	0.125 
	0.050 
	- 
	0.100 
	- 
	0.050 
	0.043 
	0.088 
	0.045 
	0.050 
	0.022

	
	3
	0.024
	-
	-
	-
	-
	-
	-
	0.050
	-
	0.022
	-
	-
	-
	0.022

	
	4
	- 
	- 
	0.325 
	0.075 
	0.200 
	0.150 
	
	
	
	0.109 
	0.118 
	0.182 
	0.250 
	0.043

	
	5
	0.286 
	0.393 
	- 
	0.250 
	0.100 
	0.100 
	0.100 
	0.200 
	0.350 
	0.217 
	0.176 
	0.409 
	0.050 
	0.130

	
	6
	0.024 
	- 
	0.125 
	0.100 
	0.100 
	0.150 
	0.075 
	- 
	0.050 
	0.065 
	- 
	0.045 
	0.150 
	0.152

	
	7
	0.143 
	0.179 
	0.050 
	0.050 
	0.050 
	- 
	0.225 
	0.075 
	0.200 
	0.087 
	0.088 
	- 
	0.150 
	0.326

	
	8
	0.024 
	- 
	- 
	0.025 
	0.100 
	0.100 
	0.075 
	0.050 
	- 
	0.043 
	0.059 
	0.045 
	0.050 
	-

	
	9
	0.048 
	- 
	0.125 
	0.125 
	0.150 
	0.200 
	0.075 
	0.200 
	0.150 
	0.043 
	0.118 
	0.136 
	0.200 
	0.130

	
	10
	0.357 
	0.071 
	0.200 
	0.075 
	0.150 
	0.100 
	0.225 
	0.150 
	0.150 
	0.217 
	0.088 
	0.045 
	- 
	0.109

	
	11
	0.024
	-
	0.025
	-
	-
	-
	-
	0.025
	-
	-
	-
	-
	0.050 
	0.022

	
	12
	0.048 
	0.143 
	0.100 
	- 
	0.050 
	0.050 
	0.075 
	0.100 
	0.050 
	0.022 
	0.088 
	0.045 
	-
	-

	
	13
	0.024
	-
	-
	-
	-
	-
	0.025 
	0.125
	-
	0.043
	-
	-
	-
	0.022

	
	14
	-
	-
	-
	-
	-
	-
	0.025
	-
	-
	-
	-
	0.045
	-
	-

	
	20
	
	
	
	
	
	
	
	0.025
	-
	-
	-
	-
	-
	-

	
	21
	
	
	
	
	
	
	
	-
	-
	0.022
	-
	-
	-
	0.022

	
	22
	-
	-
	0.025
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	26
	-
	0.143
	-
	0.100
	-
	-
	-
	-
	-
	0.043 
	0.118
	-
	-
	-

	OIO1
	4
	0.079
	-
	-
	0.026
	-
	-
	-
	0.029
	-
	-
	-
	-
	-
	-

	
	5
	-
	-
	0.026 
	0.105
	-
	0.050
	-
	-
	-
	0.045
	-
	-
	-
	-

	
	6
	0.421 
	0.167 
	0.211 
	0.237 
	0.400 
	0.250 
	0.500 
	0.382 
	0.100 
	0.295 
	0.529 
	0.545 
	0.150 
	0.370

	
	7
	0.342 
	0.667 
	0.316 
	0.395 
	0.350 
	0.400 
	0.300 
	0.500 
	0.600 
	0.409 
	0.176 
	0.227 
	0.500 
	0.326

	
	8
	0.026 
	0.111 
	0.132 
	0.132 
	- 
	0.150 
	0.100 
	0.059 
	0.100 
	0.114 
	0.147 
	0.136 
	0.100 
	0.087

	
	9
	0.053 
	0.056 
	0.211 
	0.026 
	0.250 
	0.100 
	0.050 
	- 
	0.100 
	0.091 
	0.118 
	- 
	0.150 
	0.130

	
	10
	0.026
	-
	0.053 
	0.026
	-
	-
	-
	0.029 
	0.100
	-
	-
	-
	-
	-

	
	11
	
	
	
	
	
	
	
	-
	-
	-
	0.029
	-
	-
	-

	
	12
	
	
	
	
	
	
	
	-
	-
	-
	-
	-
	0.050
	-

	
	13
	-
	-
	0.026
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.065

	
	16
	-
	-
	-
	-
	-
	0.050
	-
	-
	-
	-
	-
	-
	-
	-

	
	23
	-
	-
	0.026
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	26
	-
	-
	-
	0.053
	-
	-
	-
	-
	-
	0.045 
	-
	0.091
	-
	-

	
	27
	-
	-
	-
	-
	-
	-
	0.050
	-
	-
	-
	-
	-
	-
	0.022

	
	28
	0.053
	-
	-
	-
	-
	-
	-
	
	
	
	
	
	
	

	I115
	1
	0.024 
	0.036 
	0.050 
	0.025 
	- 
	0.100 
	- 
	- 
	0.100 
	0.114 
	0.029 
	- 
	- 
	0.043

	
	2
	-
	-
	-
	-
	0.050
	-
	0.075
	
	
	
	
	
	
	

	
	3
	0.071 
	0.036 
	0.175 
	0.125 
	0.150 
	0.200 
	0.025 
	0.026 
	0.100 
	- 
	0.235 
	0.227 
	- 
	0.022

	
	4
	0.262 
	0.321 
	0.100 
	0.250 
	0.100 
	0.200 
	0.375 
	0.105 
	0.350 
	0.227 
	0.088 
	- 
	0.100 
	0.326

	
	5
	-
	-
	0.025
	-
	-
	-
	-
	-
	-
	0.023 
	0.059
	-
	-
	-

	
	6
	-
	-
	0.025 
	0.025
	-
	-
	-
	-
	-
	-
	0.029
	-
	-
	-

	
	7
	0.024 
	0.036 
	- 
	0.025 
	0.050 
	- 
	- 
	0.026 
	0.050 
	0.023 
	0.029
	-
	-
	-

	
	8
	0.024 
	0.071 
	-
	-
	-
	0.050
	-
	-
	-
	-
	-
	-
	0.050 
	0.022

	
	9
	-
	-
	0.025
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	10
	-
	-
	-
	-
	-
	-
	-
	0.050 
	0.053
	-
	-
	-
	-
	-

	
	11
	-
	-
	-
	-
	-
	-
	-
	0.075 
	0.026
	-
	-
	-
	-
	-

	
	12
	0.286 
	0.107 
	0.150 
	0.175 
	0.200 
	0.150 
	0.175 
	0.316 
	0.150 
	0.250 
	0.324 
	0.318 
	0.050 
	0.217

	
	13
	0.286 
	0.286 
	0.375 
	0.275 
	0.450 
	0.200 
	0.150 
	0.368 
	0.250 
	0.205 
	0.147 
	0.364 
	0.750 
	0.304

	
	15
	-
	0.036
	-
	-
	-
	0.050 
	0.050 
	0.053
	-
	-
	-
	-
	0.050 
	0.022

	
	16
	-
	-
	-
	-
	-
	-
	0.025
	-
	-
	0.023
	-
	-
	-
	-

	
	17
	0.024
	-
	-
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	20
	-
	-
	0.025
	-
	-
	0.050
	-
	0.026
	-
	0.045
	-
	-
	-
	-

	
	26
	-
	0.071 
	0.050 
	0.100
	-
	-
	-
	-
	-
	0.091 
	0.059 
	0.091
	-
	-

	IJ11
	1
	0.024
	-
	-
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	3
	0.119 
	0.036 
	0.026 
	0.025 
	0.100 
	0.050 
	-
	0.025 
	-
	-
	-
	-
	0.050
	-

	
	4
	0.024
	-
	-
	0.075 
	0.050 
	0.050 
	0.025 
	0.025
	-
	0.022
	-
	-
	0.050
	-

	
	5
	0.048 
	- 
	0.105 
	- 
	- 
	0.100 
	- 
	0.125 
	0.050 
	0.130 
	0.029 
	- 
	0.100 
	0.022

	
	6
	0.071 
	0.036 
	0.026 
	0.050 
	- 
	- 
	0.025 
	0.075 
	- 
	0.022 
	0.059 
	- 
	0.050 
	0.109

	
	7
	0.071 
	0.250 
	0.079 
	0.125 
	0.150 
	0.100 
	0.225 
	0.075 
	0.200 
	0.065 
	0.059 
	0.136 
	0.050 
	0.087

	
	8
	0.071 
	0.250 
	0.053 
	0.050 
	0.100 
	0.050 
	- 
	0.075 
	0.050 
	0.109 
	0.147 
	0.045 
	- 
	0.043

	
	9
	0.095 
	0.071 
	0.026 
	0.075 
	0.050 
	0.050 
	0.050 
	0.025 
	0.150 
	0.065 
	0.147 
	0.136 
	- 
	0.087

	
	10
	0.095 
	0.036 
	0.079 
	0.050 
	- 
	0.050 
	0.100 
	0.025 
	0.150 
	0.065 
	0.059 
	0.136 
	0.050 
	0.043

	
	11
	0.048 
	0.036 
	0.105 
	0.100 
	0.050 
	0.150 
	0.025 
	0.100 
	0.050 
	0.130 
	0.147 
	0.091 
	0.050 
	0.087

	
	12
	-
	0.036 
	0.079 
	0.025 
	- 
	0.100 
	0.050 
	0.075 
	0.050 
	0.043 
	0.059 
	0.045 
	0.100 
	0.043

	
	13
	0.048 
	0.071 
	0.079 
	0.025 
	- 
	- 
	0.100 
	0.025 
	0.050 
	0.087 
	- 
	0.091
	-
	-

	
	14
	-
	-
	0.026 
	0.025
	-
	-
	0.025
	-
	-
	-
	0.029
	-
	-
	0.043

	
	15
	-
	-
	-
	-
	0.050
	-
	-
	-
	0.050
	-
	-
	-
	-
	0.022

	
	16
	-
	-
	0.053 
	0.075 
	0.200 
	- 
	0.075 
	0.075 
	- 
	0.022 
	0.059 
	0.182 
	0.200 
	0.022

	
	17
	0.024
	-
	-
	-
	-
	-
	0.025 
	- 
	0.050 
	0.022
	-
	-
	-
	0.087

	
	18
	0.024 
	0.036
	-
	-
	-
	-
	-
	
	
	
	
	
	
	

	
	19
	-
	-
	-
	-
	0.025
	-
	-
	-
	0.050
	-
	-
	-
	-
	

	
	20
	0.095 
	0.071 
	0.105 
	0.150 
	0.050 
	0.150 
	0.025 
	0.125 
	0.100 
	0.043 
	0.029 
	0.045 
	0.200 
	0.043

	
	21
	0.071 
	0.036 
	0.053 
	0.025 
	0.050 
	0.050 
	0.125 
	0.025 
	- 
	0.087 
	0.029 
	0.045 
	- 
	0.022

	
	22
	0.024 
	0.036 
	0.026 
	0.050 
	0.050 
	0.050 
	0.025 
	0.025 
	- 
	0.022 
	- 
	- 
	0.100 
	0.022

	
	23
	-
	-
	-
	0.025 
	0.050
	-
	-
	0.025
	-
	-
	-
	0.045
	-
	0.043

	
	24
	0.024
	-
	-
	0.025
	-
	-
	-
	0.025
	-
	-
	0.029
	-
	-
	0.022

	
	25
	-
	-
	0.079
	-
	0.050
	-
	-
	-
	-
	-
	-
	-
	-
	0.043

	
	26
	-
	-
	-
	-
	-
	-
	0.050
	-
	-
	-
	-
	-
	-
	0.043

	
	28
	0.024
	-
	-
	-
	-
	0.050 
	0.050
	-
	0.050 
	0.065 
	0.118
	-
	-
	0.065


S2. Global genetic diversity results for adults and young individuals of the subpopulations in the

conservation corridor Guantiva-La Rusia-Iguaque. It is included the sample sizes (N), number of alleles (Na), number of effective alleles (Ne), observed heterozygosity (Ho) and expected heterozygosity (He).
	Pop 
	Locus 
	N 
	Na 
	Ne 
	Ho 
	He 
	N 
	Na 
	Ne 
	Ho 
	He

	A
	OMO5
	21 
	6 
	4 
	0.667 
	0.738 
	20
	5
	4 
	0.700 
	0.765

	
	OMO7 
	21 
	10 
	4 
	0.810 
	0.763 
	20 
	10 
	7 
	0.600 
	0.860

	
	OIO1 
	19 
	7 
	3 
	0.421 
	0.693 
	17 
	5 
	2 
	0.647 
	0.599

	
	I115 
	21 
	8 
	4 
	0.571 
	0.761 
	19 
	9 
	4 
	0.474 
	0.745

	
	IJ11 
	21 
	18 
	14 
	0.952 
	0.927 
	20 
	18 
	13 
	0.950 
	0.923

	average
	20.6 
	10 
	6 
	0.68 
	0.78 
	19 
	9 
	6.14 
	0.67 
	0.78

	B
	OMO5 
	14 
	8 
	5 
	0.786 
	0.798 
	10 
	7 
	4 
	0.800 
	0.760

	
	OMO7 
	14 
	6 
	4 
	0.500 
	0.763 
	10 
	7 
	5 
	0.900 
	0.785

	
	OIO1 
	9 
	4 
	2 
	0.444 
	0.512 
	5 
	5 
	3 
	0.600 
	0.600

	
	I115 
	14 
	9 
	5 
	0.643 
	0.788 
	10 
	6 
	4 
	0.900 
	0.770

	
	IJ11 
	14 
	13 
	7 
	0.929 
	0.849 
	10 
	12 
	9 
	0.900 
	0.885

	average
	13 
	8 
	5 
	0.66 
	0.74 
	9 
	7 
	4.87 
	0.82 
	0.76

	C
	OMO5 
	20 
	8 
	4 
	0.750 
	0.728 
	23 
	6 
	4 
	0.696 
	0.777

	
	OMO7 
	20 
	9 
	5 
	0.900 
	0.809 
	23 
	14 
	8 
	0.826 
	0.871

	
	OIO1 
	19 
	8 
	5 
	0.737 
	0.789 
	22 
	6 
	4 
	0.500 
	0.720

	
	I115 
	20 
	10 
	5 
	0.600 
	0.789 
	22 
	9 
	6 
	0.727 
	0.819

	
	IJ11 
	19 
	16 
	13 
	1.000 
	0.924 
	23 
	16 
	12 
	0.957 
	0.916

	average
	19.6 
	10 
	6 
	0.8 
	0.81 
	23 
	10 
	6.64 
	0.74 
	0.82

	D
	OMO5 
	20 
	7 
	5 
	0.750 
	0.785 
	17 
	7 
	4 
	0.882 
	0.761

	
	OMO7 
	20 
	10 
	7 
	0.700 
	0.866 
	17 
	10 
	9 
	0.706 
	0.889

	
	OIO1 
	19 
	8 
	4 
	0.632 
	0.755 
	17 
	5 
	3 
	0.471 
	0.652

	
	I115 
	20 
	8 
	5 
	0.500 
	0.804 
	17 
	9 
	5 
	0.647 
	0.801

	
	IJ11 
	20 
	18 
	13 
	0.900 
	0.920 
	17 
	14 
	10 
	0.941 
	0.900

	average
	19.8 
	10 
	7 
	0.7 
	0.83 
	17 
	9 
	6.22 
	0.73 
	0.8

	E1
	OMO5 
	10 
	7 
	4 
	0.800 
	0.760 
	11 
	5 
	4 
	0.727 
	0.731

	
	OMO7 
	10 
	10 
	8 
	0.900 
	0.875 
	11 
	9 
	4 
	0.636 
	0.769

	
	OIO1 
	10 
	3 
	3 
	0.600 
	0.655 
	11 
	4 
	3 
	0.545 
	0.624

	
	I115 
	10 
	6 
	4 
	0.800 
	0.720 
	11 
	4 
	3 
	0.364 
	0.707

	
	IJ11 
	10 
	13 
	10 
	1.000 
	0.895 
	11 
	11 
	9 
	1.000 
	0.884

	average
	10 
	8 
	6 
	0.82 
	0.78 
	11 
	7 
	4.55 
	0.65 
	0.74

	E2
	OMO5 
	10 
	5 
	3 
	0.700 
	0.705 
	10 
	5 
	4 
	0.900 
	0.740

	
	OMO7 
	10 
	8 
	7 
	1.000 
	0.860 
	10 
	9 
	6 
	0.800 
	0.840

	
	OIO1 
	10 
	6 
	4 
	0.600 
	0.740 
	10 
	6 
	3 
	0.500 
	0.690

	
	I115 
	10 
	8 
	6 
	0.400 
	0.840 
	10 
	5 
	2 
	0.400 
	0.420

	
	IJ11 
	10 
	13 
	11 
	0.800 
	0.905 
	10 
	11 
	8 
	1.000 
	0.875

	average
	10 
	8 
	6 
	0.7 
	0.81 
	10 
	7 
	4.61 
	0.72 
	0.71

	F
	OMO5 
	21 
	6 
	3 
	0.524 
	0.660 
	23 
	7 
	4 
	0.739 
	0.743

	
	OMO7 
	20 
	10 
	7 
	0.850 
	0.855 
	23 
	11 
	6 
	0.870 
	0.820

	
	OIO1 
	20 
	5 
	3 
	0.600 
	0.645 
	23 
	6 
	4 
	0.565 
	0.728

	
	I115 
	20 
	9 
	5 
	0.700 
	0.789 
	23 
	8 
	4 
	0.435 
	0.749

	
	IJ11 
	20 
	16 
	9 
	0.800 
	0.894 
	23 
	20 
	16 
	0.913 
	0.936

	average
	20.2 
	9 
	5 
	0.69 
	0.77 
	23 
	10 
	6.53 
	0.7 
	0.8


S3. Pairwise subpopulation matrix of Nei Genetic Distance (GST, Nei 1978) for adults and juveniles of the subpopulations
	Adults

	subpop 
	A 
	B 
	C 
	D 
	E1 
	E2 
	F

	A
	**** 
	0.8339 
	0.8727 
	0.8584 
	0.8695 
	0.821 
	0.8991

	B
	0.1816 
	**** 
	0.8286 
	0.8165 
	0.7351 
	0.7877 
	0.7896

	C
	0.1362 
	0.1881 
	**** 
	0.9058 
	0.8735 
	0.9062 
	0.8339

	D
	0.1527 
	0.2027 
	0.0989 
	**** 
	0.8948 
	0.8321 
	0.8253

	E1
	0.1398 
	0.3077 
	0.1353 
	0.1111 
	**** 
	0.8521 
	0.8162

	E2
	0.1973 
	0.2386 
	0.0985 
	0.1838 
	0.16 
	**** 
	0.7958

	F
	0.1064 
	0.2362 
	0.1816 
	0.1921 
	0.2031 
	0.2284 
	****

	Juveniles

	subpop 
	A 
	B 
	C 
	D 
	E1 
	E2 
	F

	A
	**** 
	0.8606 
	0.8966 
	0.8841 
	0.9004 
	0.8519 
	0.9205

	B
	0.1502 
	**** 
	0.8575 
	0.8471 
	0.7668 
	0.8234 
	0.8143

	C
	0.1091 
	0.1537 
	**** 
	0.9356 
	0.9071 
	0.943 
	0.8562

	D
	0.1232 
	0.1659 
	0.0665 
	**** 
	0.9315 
	0.868 
	0.8494

	E1
	0.1049 
	0.2655 
	0.0975 
	0.0709 
	**** 
	0.8937 
	0.8446

	E2
	0.1603 
	0.1943 
	0.0587 
	0.1415 
	0.1123 
	**** 
	0.8252

	F
	0.0829 
	0.2054 
	0.1552 
	0.1632 
	0.1689 
	0.1921 
	****
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