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 ABSTRACT  

 
 The geographic borders between related 

species are often overlapping and much is unknown 

about the ecological and evolutionary dynamics 

between species in these regions. This is particularly 

true within long-lived forest trees such as conifers. 

The spruce species Picea glauca and Picea 

engelmannii were used in this study to elucidate the 

genetic dimension of their hybridization, as these 

species are ecologically divergent and are known to 

hybridize in nature. Opportunities for hybridization 

occur along elevational gradients where they co-

occur, from northwestern Wyoming north through the 

central Rocky Mountains and British Columbia. This 

study was concentrated in the Central Rocky 

Mountains in Wyoming including the Greater 

Yellowstone Ecosystem. We found remarkable 

variation of genetic ancestry within and among 

geographic locations. Our genetic results provide 

evidence for a previously unrecognized, complex 

geographic mosaic for the interaction between these 

two species in this part of North America. 

 

 

 INTRODUCTION  
 

 Species occupying the same geographical 

space provide opportunities for studying ecological 

and evolutionary influences on species diversity and 

adaptation to a changing climate (Sexton et al. 2009). 

The geographic borders between related species are 

often overlapping and are shaped by competition, 

hybridization and adaptation (Goldberg and Lande 

2007; Sexton et al. 2009). There are major gaps in 

our knowledge about the ecological and evolutionary 

dynamics in how diversity is partitioned in space and 

in species in these overlapping regions, in particular 

within long-lived forest trees such as conifers (Neale 

and Ingvarsson 2008). Conifers are a large and highly  

 

diverse group of gymnosperms that are distributed 

widely throughout the world with dominance in the 

northern hemisphere. Although the geographical 

ranges of North American conifers in general are well 

known, many questions remain about the zones 

where species come into geographic contact: whether 

they hybridize, how widespread hybrids are and how 

hybrids and parental species can be accurately 

identified (Daubenmire 1968; Mallet 2005; 

Burgarella et al. 2009). Hybridization and subsequent 

backcrosses (i.e., introgression) to parental species 

are known to occur between a number of conifer 

species (e.g., Picea glauca x P. engelmannii, Pinus 

pumila x P. parviflora and Abies procera x A. 

magnifica; for more examples see Jaramillo-Correa et 

al. 2009). 

 

 The spruce species Picea glauca and Picea 

engelmannii provide an attractive system for 

elucidating the genetic basis of the traits that are 

involved in adaptation, as these species are 

ecologically divergent and are known to hybridize in 

nature. P. glauca is a sub-arctic species and occurs in 

low elevation habitats across Canada, from the US 

border to the Yukon, Northwest Territories, Nunavut 

and in the USA from the northern parts of the Great 

Lakes to the New England states, in the 

intermountain West and in the Black Hills of South 

Dakota. P. engelmannii is a sub-alpine species that is 

distributed in western Canada and the USA, from 

Alberta and British Columbia to Arizona and New 

Mexico (Rajora and Dancik 2000, Figure 1). 

Opportunities for hybridization occur along 

elevational gradients where they co-occur, from 

northwestern Wyoming north through the central 
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Rocky Mountains and British Columbia. Botanists 

have suggested that these two species hybridize in the 

central Rocky Mountains in the US, based on 

observed intermediate cone and needle morphology 

in some trees. However, the existence of hybrids in 

this region has not been confirmed, but can be 

verified objectively with molecular markers. 

Knowledge of hybrid occurrence and of finer-scale 

distributional information for parental species can 

play an important role in future management and 

decisions related to the maintenance of biodiversity, 

particularly in the context of a changing climate 

(Barton 2001; Rehfeldt 2004; Aitken et al. 2008; 

Ledig et al. 2010). 

 

 Hybrid zones occur when genetically 

distinct populations meet and reproduce, resulting in 

offspring with highly variable genotypes and 

phenotypes (Rieseberg et al. 1999; Lexer et al. 2005). 

Hybridization followed by introgression (backcross 

of a natural hybrid to one of the parental species or 

another hybrid) is a common occurrence in a hybrid 

zone (Anderson 1949; Mallet 2005; Lexer et al. 

2004). Further, a hybrid zone may contain individuals 

that are the result of multiple generations of 

recombination and genetic variation that is directly 

influenced by selection in nature (Lexer et al. 2004; 

Mallet 2005). Therefore, comparisons among hybrid 

and parental populations illustrate the dynamics 

within and among natural populations and plant 

responses and relationships to environmental 

fluctuations. 

 

 Correct characterization of the genetic 

composition of parental species is essential in the 

detection of hybrids (Burgarella et al. 2009). 

Molecular markers (e.g., microsatellite DNA loci) are 

available to facilitate research on the genetics within 

spruce (e.g., Rungis et al. 2004; Pelgas et al. 2006). 

 Previous research on hybridizing spruce 

species has characterized some morphological (Weng 

and Jackson 2000), physiological and molecular 

marker differences (Rajora and Dancik 2000; 

Rehfeldt 2004; Ledig et al. 2004; Major et al. 2007; 

Barsi et al. 2009; Tollefsrud et al. 2009). However, 

much remains to be learned about the spatial and 

habitat distribution of these spruce species and their 

hybrids. This study is a first step toward developing a 

system in which hybrids can be used to learn about 

the genome interactions within natural zones of 

hybridization between these species. 

 

 The main objective for this study was to 

identify parental populations and hybrids between 

Picea glauca and Picea engelmannii by their genetic 

composition. Specifically we: 1) quantified genetic 

differences between the parental species to verify 

genetically distinct species, 2) identified populations 

with hybrids using genetic tools, and 3) studied the 

nature of genetic introgression between these species. 

 

 

 METHODS  
 

 Needles were sampled from pure 

populations of Picea glauca and Picea engelmannii 

outside of the area of geographic sympatry (P. 

glauca: Alaska, Ontario, northwest South Dakota; P. 

engelmannii: Arizona, southern Wyoming; Figure 1). 

Needles were sampled within zones of geographic 

contact from six different populations: Black Hills 

National Forest, Big Horn National Forest, Laramie

 

 
Figure 1. Left: Geographic ranges and collection sites of Picea engelmannii and Picea glauca parental species in North America 

(USGS). Right: Specific collection sites in Wyoming that were studied for presence of hybrids and parental species. 
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Peak in Medicine Bow National Forest, Shoshone 

National Forest, Yellowstone National Park and 

Grand Teton National Park (Figure 1). DNA was 

extracted from a total of 336 individuals and 17 

microsatellite markers were used to infer the 

frequencies of alleles in the parental forms (n=84) to 

allow for the estimation of ancestry for all other 

individuals (n=252). 

 

 

 PRELIMINARY RESULTS  

 

 We found remarkable variation of genetic 

ancestry within and among geographic locations 

(Figure 2). In particular, we found a complex 

geographic distribution of parental species and their 

hybrids. For example, evidently pure populations of 

P. engelmannii occur at Avalanche Peak in east-

central Yellowstone National Park, whereas nearby 

populations in the northeastern section of the park 

contain individuals of both parental species and a 

variety of hybrids. More broadly, there are few or no 

hybrids in the southern portion of the Greater 

Yellowstone Ecosystem (GYE) and the frequency of 

hybrids increases towards the northeast of 

Yellowstone National Park. The most common 

parental species in the GYE is P. engelmannii. 

However, our results reveal individuals or smaller 

stands of evidently pure P. glauca at various sites 

within the GYE, in particular in the northeast of 

Yellowstone National Park and northern parts of 

Shoshone National Forest. To the east, in the Bighorn 

Mountains, both parental species and hybrids occur, 

whereas the Black Hills are occupied by P. glauca (as 

noted above). 

  

 These genetic results are consistent with our 

observation of highly variable and intermediate 

morphology in many trees. This implies that 

hybridization followed by introgression occurs 

between the parental species P. glauca and P. 

engelmannii in many of the studied populations, 

whereas other populations in the same region contain 

only one parental species, or one parental species and 

hybrids. The genetic results document a previously 

unrecognized complex geographic mosaic for the 

interaction between these two species in this part of 

North America. 

 

 

 MANAGEMENT IMPLICATIONS  
 

 Based on our genetic observations, we have 

verified hybrids between P. glauca and P. 

engelmannii in the GYE and nearby mountain ranges 

in Wyoming. One of the challenges for species and 

hybrid identification in Picea stems from the narrow 

range of morphological differences among species or 

lineages. These objective genetic results can assist in 

delimiting lineages and recognizing parental and 

hybrid trees in the field. Proper inventories of species 

composition, or simple knowledge of the existence of 

hybrids within a geographic region, can aid future 

biodiversity assessments and management decisions. 

For example, the GYE contains not only the two 

Picea species but is also home to their evolutionary 

and ecological interactions and their production of 

variable hybrid progeny. The outcomes for the 

parental species and hybrids within this region will 

be shaped by a changing climate and our results can 

facilitate long-term monitoring of their ranges and 

interactions. 

 

 
Figure 2.  Point estimates of genetic ancestry (q; bars indicate 90% credible interval) of 336 individual trees of Picea 

engelmannii (q=0), Picea glauca (q=1) and hybrids (results from analyses in structure, Falush et al. 2003). Collection sites are 

indicated above the graph. Considerable variation in ancestry is evident within and among collection sites, suggesting that within 

this area of geographic overlap, the interaction of the two species varies extensively. 
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