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Abstract
Bodare, S. 2013. Conservation Genetics and Speciation in Asian Forest Trees. Acta
Universitatis Upsaliensis.  Digital Comprehensive Summaries of Uppsala Dissertations from
the Faculty of Science and Technology 1047. 45 pp. Uppsala. ISBN 978-91-554-8676-1.

Tropical forests are important because they are the home of millions of species at the same
time as they perform ecosystem services and provide food, cash income and raw materials for
the people living there. The present thesis elucidates questions relevant to the conservation of
selected forest trees as it adds to the knowledge in the phylogeny, population structure, genetic
diversity and adaptation in these species.

We investigated the genetic diversity and speciation of four spruce species around the
Qinghai-Tibetan Plateau (QTP), Western China, and one from Taiwan. Nucleotide diversity
was low in P. schrenkiana and the Taiwanese P. morrisonicola but higher in P. likiangensis, P.
purpurea and P. wilsonii. This can be explained by the population bottlenecks that were detected
in the two former species by coalescent-based analysis. The phylogenetic relationships between
the five species were difficult to interpret, possibly because other Asian spruce species might
have been involved. However, all species are distinct except P. purpurea, which likely has a
hybrid origin.

The rate of bud set and expression of the FTL2 gene in response to photoperiod in the
southernmost growing spruce species, P. morrisonicola, was studied. We found that in this
species, although growing near the equator, bud set appears to be induced mainly by a shortening
of photoperiod, similarly to its more northerly growing spruce relatives. In addition, seedlings
originating from mother trees growing at higher elevations showed a trend towards earlier bud
set than seedlings originating from mother trees at lower altitudes.

We also studied the population structure and genetic diversity in the endemic white cedar
(Dysoxylum malabaricum) in the Western Ghats, India. Overall, no increase in inbreeding that
could be related to human activities could be detected. Populations appear to have maintained
genetic diversity and gene flow in spite of forest fragmentation over the distribution range.
However, there is a severe lack of juveniles and young adults in several populations that needs to
be further addressed. Finally, we recommend conservation units based on population structure.
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Introduction 

“Nothing in biology makes sense except in the light of evolution.” 
   -Theodosius Dobzhansky (1973) 
 
China and India are two of the world’s most important countries from an 
environmental perspective – apart from their large geographical size they 
also possess extremely high levels of biodiversity. Large forest-covered 
landscapes are home to an enormous variety of species, of which many are 
endemic, that together perform critical ecosystem services and act as im-
portant carbon stocks. At the same time, these features are threatened due to 
expanding human population sizes, a growing global market for forest prod-
ucts and limited resources for conservation (Bawa et al. 2010). It is often 
highlighted that, in recent years, forest cover has increased steadily in China 
and India as a consequence of conservation interventions targeted specifical-
ly at afforestation. However, there is also evidence that the quality of exist-
ing forests is still deteriorating, that the majority of new plantations consist 
of monocultures of non-native species and that many economically im-
portant wild species are being over-exploited (Rawat and Kishwan 2008; 
Bhattacharya et al. 2010; Xu 2011).  

Since millions of people depend directly on timber and non-timber forests 
products for cash income, food, shelter and medicine in these areas, it is of 
great importance that resources are managed sustainably (McNeely et al. 
2009). Combining biodiversity conservation with poverty alleviation has 
been proven difficult, and hence effective conservation protocols must be 
scientifically based so that appropriate actions can be taken (Secretariat of 
the Convention on Biological Diversity 2010).  

Currently there are knowledge gaps about many Asian ecosystems; taxono-
my as well as ecology and genetic diversity are often poorly understood. In 
particular, taxonomy has been identified as a key constraint to forest conser-
vation in China (McBeath and Huang McBeath 2006). The present thesis is 
an attempt to address different aspects within the field of conservation genet-
ics in selected Chinese and Indian forest tree species. 
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The role of genetics in conservation 
Evolutionary patterns are highly interesting to study in their own right in 
order to increase our understanding of speciation and adaptation, but the 
information they carry can also be used for conservation purposes. Since 
genetic diversity is the raw material of evolution and to a large extent the 
basis of biodiversity, processes that can make a species go extinct are often 
related to genetics. If a population decreases in size, as is often the case in 
threatened species, the diversity-reducing effects of inbreeding and random 
genetic drift will become stronger, and the influx of new alleles through 
mutation will decrease, since they are all directly related to the population 
size. These evolutionary forces may have adverse effects on the fitness of a 
population. For example, inbreeding leading to increased homozygosity may 
cause accumulation of deleterious mutations and can thereby potentially 
decrease the mean fitness of a population (Charlesworth and Willis 2009). 
This is called inbreeding depression and has been documented at fitness 
traits in a large number of plant and animal species. For example, inbreeding 
has been shown to adversely affect seed production (Fenster 1991; 
Schemske 1983; Harder et al. 1985), progeny fitness (Fenster 1991; Dudash 
1990) and height (Heschel and Paige 1995; Jain 1978) in plant species.  

Furthermore, a loss of standing genetic variation due to genetic drift may 
impede a population’s ability to adapt to changing conditions. It is a particu-
larly serious problem during times of fast climate change, whereby the rate 
of evolution needs to be high in order for species to survive. If the genetic 
diversity within a population is small, there may simply not be enough raw 
material for selection to act upon and thus the survival of the species is at 
risk. The opposite phenomenon to inbreeding depression, outbreeding de-
pression, can in some cases also be destructive. If two populations are local-
ly adapted, an offspring from parents from the two populations may have 
lower fitness than offspring produced within each population because of loss 
of adaptive traits.  

The relative roles of genetic and ecological factors as drivers of species ex-
tinction have been much debated in recent years. While stochastic events 
like natural catastrophes and demographic imbalance might often be what 
ultimately makes a small population go extinct, it has been shown that genet-
ic factors usually have an impact before that point is reached (Spielman et al. 
2004). Therefore, it is clear that genetics need to be considered in order to 
establish effective conservation protocols (Conner and Hartl 2004). Conser-
vation genetics is an interdisciplinary science that brings together various 
fields such as population genetics, systematics, ecology, mathematical mod-
eling and evolutionary biology in order to understand how biodiversity is 
generated and maintained. Below is a review of some of the approaches that 
can be pursued in conservation genetics. 
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Population structure 
Population structure is present when a species is not made up of one single 
panmictic population, but rather is made up of several geographically sepa-
rated subpopulations that may or may not be exchanging genes. If the gene 
flow between populations is low, population differentiation can arise rapidly 
due to independent selection and genetic drift within the populations. As-
sessing population structure is important for several reasons: i) if populations 
are genetically distinct, representatives of all clades should be conserved in 
order to retain the maximal overall diversity and evolutionary potential of 
the species, ii) differentiated populations may be locally adapted, and should 
be managed separately to avoid outbreeding depression, iii) finding the limi-
tations for dispersal between populations, e.g. geographical distance or phys-
ical barriers, can give valuable insights into the reproductive ecology of a 
species, and iv) as populations become increasingly fragmented due to hu-
man activities, impact on inbreeding and genetic diversity of the populations 
can be studied by comparing historical and recent population structure, often 
by comparing different age classes.  

Evolutionarily significant units 
Evolutionarily significant units (ESU) is a case of population structure where 
populations, or groups of populations, are differentiated enough to form ge-
netically distinct units that should be managed separately within a conserva-
tion program. The concept was first introduced in 1986 by Ryder as a basis 
for prioritizing conservation below the species level, as the delimitation of 
subspecies based on geographical variants was regarded insufficient to re-
flect adaptive genetic diversity. He described ESUs as populations “pos-
sessing genetic attributes significant for present and future generations”, and 
that this should be determined based on concordance between different types 
of information (life history traits, morphology, distribution and genetic data). 
In reality, however, such extensive data collection is rarely feasible. There-
fore, the ESU concept has been interpreted in various ways by different au-
thors and most notably, there is a dichotomy between proponents of neutral 
genetic diversity as a reflection of the past reproductive isolation and those 
who support delimitation based on ecological properties (de Guia and Saitoh 
2007). For example, Moritz et al. (1994) proposed that ESUs should be de-
fined as “populations that are reciprocally monophyletic for mtDNA alleles 
and demonstrating significant divergence of allele frequencies at nuclear 
loci”, whereas Crandall et al. (2000) criticized the ESU concept altogether 
and instead advocated an identification of distinct units based on ecological 
exchangeability.  

Genetic differentiation is fairly easy and fast to assess. If the genetic struc-
ture of a species is poorly understood, some of its distinct units may not re-
ceive proper protection and genetic diversity may be lost. Conversely, if 
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geographically separate populations do belong to the same ESU, it is im-
portant to keep the connectivity between populations to maintain the effec-
tive population size, which alleviates the detrimental effects of inbreeding 
and genetic drift. The drawback with this definition is that genetic differenti-
ation at neutral markers does not necessarily translate into phenotypic differ-
ences, and vice versa (Conner and Hartl 2004).  

Defining ESUs based on adaptive ecological traits is appealing since it iden-
tifies meaningful variation but it is often not a realistic option because one 
would need to perform elaborate common garden experiments in order to 
resolve whether the phenotypic differences seen, if any, are results of local 
adaptation rather than phenotypic plasticity. This is too demanding in many 
cases and sometimes impossible in rare and threatened species. 

Some authors have sought to bridge the opposing views by suggesting that 
alternative approaches could be used depending on the type of data available 
(Fraser and Bernatchez 2001) or that units should be identified as either par-
tial or full ESUs depending on whether their status is supported by data from 
one or several types of approaches (de Guia and Saitoh 2007). The latter 
recognizes that collecting one category of data is an important first step, but 
that full ESU designation requires additional evidence. Still, the most widely 
supported interpretation of ESUs in the literature is that based on neutral 
genetic differentiation alone (de Guia and Saitoh 2007).  

A general criticism towards the ESU concept is that differentiation between 
populations in terms of genetic and phenotypic difference can be anywhere 
on a continuum and there is no objective limit between an ESU and a non-
ESU. Therefore, the decision to promote or prevent gene flow between 
populations, or prioritize the protection of a population or not, should be 
based on the (subjective) ESU designation combined with the relative risk 
for inbreeding and outbreeding. All controversies aside, the ESU concept 
remains a practical tool in guiding policies and resources for conservation 
(Conner and Hartl 2004) and has been applied in a large number of species, 
including plants, vertebrates and invertebrates (de Guia and Saitoh 2007). 

Methods for detecting population structure 
Population genetic structure can be inferred by several different approaches. 
A simple and common method is to calculate Wright’s fixation index, FST 
(Wright 1943), which has an interval of 0-1 and measures the proportion of 
variance in allele frequencies found between populations. This gives a quan-
titative estimation of the differentiation in the overall group of subpopula-
tions or between pairs of subpopulations. Initially, this statistic was only 
defined for a biallelic locus as  
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FST = !"#[!]
!(!!!)

 ,  

where ! is the average frequency of an allele in the total population and 
Var[p] is the variance in the frequency of the allele in the subpopulations. 
This definition was later modified by Nei (1973) and FST was expressed in 
terms of heterozygosity to accomodate loci with more than two alleles:  
 
FST = !!!!!

!!
 ,  

 
where HT is the proportion of heterozygotes in the total population and HS is 
the proportion of heterozygotes in subpopulations. This definition of FST is 
often also refered to as GST. However, a problem arises in loci that are highly 
polymorphic, such as SSR markers. Since the heterozygosity will never be 0 
at such loci, GST cannot reach the upper limit of 1 regardless of the level of 
isolation between subpopulations. In fact, in a highly polymorphic locus, the 
theoretical upper limit of GST might be as low as 0.1-0.2. To address the 
problems with FST and GST, a number of modified statistics have been pro-
posed in recent years. For example, G’ST (Hedrick 2005), a standardized 
form of GST that retains an interval of 0-1 by dividing the value of GST of a 
locus by its theoretical upper bound. To overcome the limitations of GST, the 
relatively new statistic D (Jost 2008) has also been suggested, which 
measures differentiation based on allele numbers rather than frequencies. 
Although advocated by several population geneticists and peer-reviewed 
journals, the usefulness of G’ST and D has recently been strongly questioned, 
partially on common grounds (Whitlock 2011; Wang 2012). It has been 
shown mathematically that when mutation rate is equal to or higher than 
migration, both statistics are insensitive to the migration rate between sub-
populations, which is usually of interest in population genetics studies. Fur-
thermore, the D of a locus depends largely on its specific mutation rate, and 
does not necessarily reflect other neutral loci. In other words, D is more re-
lated to the locus itself rather than the properties of the population under 
study. Based on this criticism, the continued use of FST (Whitlock 2011) or 
with caution, GST (Wang 2012), has been recommended. Also, the statistic 
RST (Slatkin 1995) performs relatively well in highly variable SSR markers 
under the stepwise mutation model as it explicitly uses the difference in re-
peat numbers to infer relatedness.    

Regardless of whether FST or a related statistic is used, existing differentia-
tion can in some cases be difficult to detect because gene flow between dis-
tinct species is not uncommon in plants (Mallet 2005). Strong differentiation 
requires very few migrants – as little as one migrant per generation may 
prevent strong differentiation at neutral markers (Conner and Hartl 2004). 
Furthermore, there are several questions regarding population structure that 
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cannot be answered by basic statistics such as FST. Therefore, more advanced 
approaches are often used to complement the analysis. 

For more qualitative purposes, softwares such as STRUCTURE (Pritchard et 
al. 2000; Hubisz et al. 2009) can be employed. STRUCTURE is a Bayesian 
clustering algorithm that finds the optimal number of clusters (K) that the 
sample can be divided into. Basically, each cluster corresponds to a group of 
individuals that are in Hardy-Weinberg and linkage equilibrium. The algo-
rithm assumes that each cluster is characterized by a set of allele frequencies 
at each locus. Given a range of possible K, it assigns individuals probabilis-
tically to clusters and calculates the likelihood for each value of K, and with 
recent development in the software, it can detect distinct clusters even when 
the variance in allele frequencies is subtle (Falush et al. 2003). This way, we 
can determine whether geographical populations correspond to genetical 
populations and how closely related different populations are to each other.  

Genetic structure can be assessed in more detail on a local scale by the spa-
tial genetic structure (SGS) approach. This method estimates the extent of 
autocorrelation over different distances in a population. High autocorrelation 
means that any two individuals are more genetically similar than what would 
be expected by chance. Significant autocorrelation over a small distance is 
therefore indicative of strong spatial genetic structure. As genetic drift at the 
local scale leads to non-random distribution of genotypes, restrictions in 
pollen and seed flow often contribute to SGS. However, SGS can also arise 
from several other ecological factors, including (but not limited to) micro-
environmental selection, colonization and disturbance history and adult tree 
density (Gapare and Aitken 2005, and references therein). Determining the 
SGS is useful for both theoretical and practical purposes. For instance, in in-
situ conservation SGS can aid in the establishment of management protocols 
as it guides the user on how to protect the most genetic diversity in reserve 
design and/or in harvesting the resources. In ex-situ conservation, knowledge 
about the distribution of diversity can help determine the best candidates for 
nursery programs (Gapare and Aitken 2005). SGS can also be applied to 
different age groups in the species under study to compare whether the popu-
lation structure, and thus likely the population isolation, has changed over 
time. However, SGS based on single population estimates should not be 
taken as reflective of the species as a whole without caution. It has been 
shown that SGS for the same population or species frequently varies depend-
ing on population density, life stage, type of marker used and sampling strat-
egy. Therefore, SGS estimates for a species should ideally be based on sev-
eral populations using the same marker type and sampling strategy (Jump et 
al. 2012). 
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Finally, one can also study population structure in detail by paternity analy-
sis. In a plant species, this requires exhaustive sampling of all potential pol-
len donors in a population and a number of offspring, for instance seeds col-
lected from mother trees. Genotyping of highly variable genetic markers can 
then reveal the offspring that stem from pollen donors outside of the studied 
population. This gives an estimate of the frequency of gene flow, and thus 
the connectivity, between populations.  

Speciation and demographic history 
Understanding of speciation processes and demographic history does have 
applications in conservation biology. Firstly, they can aid in the determina-
tion of ESUs, which can sometimes consist of groups within species or of 
uncertainly delimited species. Secondly, by inferring historical demography 
of a population, one can estimate the impact of past climate changes on pop-
ulation size. In face of global warming, this knowledge may be valuable for 
long-term species protection. Furthermore, if a species is found to have very 
low genetic diversity, coalescent simulations is one method that can help 
distinguish whether the low diversity can be explained by past demographics 
or if it is caused more recently by human activities.  

Coalescent-based analysis 
Coalescent theory is a collection of mathematical models that seek to de-
scribe the evolutionary processes of a population backward in time. By trac-
ing all alleles of a gene back to the point in time where they coalesce, their 
most recent common ancestor can be found. On average, this occurs after 
4Ne generations for nuclear genes, where Ne represents the effective popula-
tion size. Calibrated against a molecular clock, simulated gene genealogies 
can therefore reveal the timing of major evolutionary events like a popula-
tion split into two subpopulations or descendant species. 

Methods based on coalescent theory have evolved within the last decade as 
powerful tools to model speciation and population history. One of the earli-
est inferential methods based on the coalescent, the Isolation-with-Migration 
(IM) model, was described by Wakeley and Hey in 1997. In its basic form, 
the IM model considers a simple split of one ancestral population into two 
descendant populations at time point T in the past, after which they exchange 
migrants at rate m1 and m2. The scaled mutation rates of the ancestral and 
descendant populations (θA, θ1 and θ2) are given, where θ = 4Neµ, Ne being 
the effective population size and µ is the mutation rate, which is provided by 
the user. All populations are assumed to evolve neutrally (Fig. 1). 
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Figure 1. The Isolation-with-Migration model. 

These parameters are estimated by analyzing the polymorphism in the sam-
ple, which carry information about past demographics. This is done by divid-
ing segregating sites into four categories, S1, S2, Ss and Sf, which in coales-
cent analysis are called summary statistics. S1 and S2 denote sites with poly-
morphism unique to population 1 or 2, respectively, Ss is polymorphism that 
is shared between population 1 and 2, and Sf is an allele that is fixed in one 
of the two populations and not present in the other. The category of any giv-
en segregating site depends on where in the coalescent process the mutation 
occurred (Fig. 2). The rationale behind the use of segregating sites is that 
demographic processes leave their imprint in the polymorphism. When a 
population splits, subpopulations will start to differentiate and accumulate 
private alleles. Therefore, if there is a large amount of shared polymorphism 
in a sample, either the time since divergence is short, or there is frequent 
gene flow between the populations. 
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Figure 2. The four categories of segregating sites in coalescent analysis.  

In recent years, new coalescent-based methods have been developed to allow 
for other scenarios than a simple split; now, non-neutral within-species mod-
els such as bottlenecks, population expansions and population contractions 
can also be evaluated using Approximate Bayesian Computation (ABC; see 
e.g. Beaumont et al. 2002). ABC allows for more flexible analysis since it 
uses summary statistics that contain less information than the full polymor-
phism used in IM models, thereby requiring less computational power. The 
summary statistics are chosen by the user; often they are classical population 
genetics measures that are assumed to sufficiently represent the polymor-
phism in the data set, like heterozygosity, gene diversity, pairwise nucleotide 
difference and statistics of the mutation frequency spectrum. ABC models 
have been shown to perform reasonably well (Sousa et al. 2009) and they are 
particularly useful for finding the most likely demographic scenario among 
competing models. 

Common to all coalescent-based methods is that the user needs to keep in 
mind that not all loci within a species have the same evolutionary history. 
For instance, migration, mutation and selective sweeps can all cause loci to 
reveal very different genealogies. This is especially common in organelle 
markers such as chloroplast and mitochondrial loci since they stem from 
separate genomes that are often dispersed by (partially) different vectors 
than the nuclear genome. Furthermore, the haploid nature of the organelle 
markers and their inheritance (through a single parent) means that their 
equivalent effective population size is only half or a quarter, depending on 
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whether the species is monoecious or dioecious, of that of the diploid nuclear 
markers. This can result in a faster evolutionary rate, which would impact 
the estimate of divergence time (Charlesworth 2009). Therefore, several 
unlinked markers should be used in coalescent analysis in order to find the 
average genealogy, which can be taken as representative of the species as a 
whole. 

Estimations of the minimal number of individuals and markers to use vary. 
No clear recommendations are available as the number of loci depends on 
their variability. Individuals should ideally be sampled over the whole spe-
cies range in order to capture the total genetic diversity, which reflects upon 
the genetic distance, and thus divergence time, to related species. One rec-
ommendation in coalescent-based analysis is to assess 40 haploid individuals 
at 20 unlinked markers (Csilléry et al. 2010), although other simulations 
have shown that 10 unlinked loci can yield reliable results, and that having a 
sufficient number of markers is more important than a large sample (Gill et 
al. 2012; Felsenstein 2006).  This rule-of-thumb, however, assumes a stand-
ard coalescent model (a single random mating population, constant in size) 
and should be interpreted cautiously when investigating populations that 
likely had a more complex demographic history. In humans, for instance, 
picking the genetic signal of the very recent exponential growth requires 
very large sample sizes (e.g. Keinan and Clark 2012). This is simply due to 
the fact that small samples will not capture the large number of rare variants. 

In species that are rare and/or are found in remote locations, it is not always 
straightforward to sample a large number of individuals. Since this is often 
the case in threatened species, there is a need to assess how a restricted sam-
pling strategy affects the outcome of coalescent-based approaches. 

Fitness traits 
Fitness traits are traits that have a large contribution to the fitness of an indi-
vidual, for example growth and reproductive strategies. Some of these traits, 
such as timing of reproduction, are frequently related to seasonal changes in 
climate in animals as well as plants. Usually, conditions are optimal for re-
production and growth only during a short period of time in the annual cycle, 
even at tropical latitudes (Brown and Shine 2006). As climate change is pro-
jected to cause rising global temperatures, more frequent weather extremes 
and irregular rainfall patterns (FOA 2008), there is concern about the ability 
of many species to survive and reproduce in the future. During periods of 
climate change, species that cannot adapt to the new conditions will either 
have to migrate to a more suitable site or go extinct. Tree species, having a 
sessile growth style and often a long generation time, might have difficulties 
migrating and/or adapt rapidly. If we can find the traits that are susceptible 
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to climate change, we can with more accuracy predict how species will be 
affected in the future, and if necessary, modify key species genetically to 
secure their survival. The same knowledge can also be used to optimize the 
production in economically important species. In fact, genetic engineering 
has already been applied in some agricultural species to secure crop yield 
under a warming climate, for example in transgenic rice (Karaba et al. 2007) 
and maize (Lightfoot et al. 2007) with increased drought tolerance.  

In order to understand the mechanisms controlling fitness traits, genomic 
approaches can be pursued. By studying the expression patterns of mRNA 
from candidate genes in relation to constantly expressed genes under a range 
of conditions, one can identify the environmental cues that activate the can-
didate genes. The activation can in turn then be related to subsequent effects 
at the phenotypical level, for example initiation of flowering or bud set in 
plants. This knowledge can also be used to project the impact of future cli-
mate change on fitness traits.  
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Study systems 

Picea 
The genus Picea (spruce) consists of around 35 species, depending on classi-
fication, distributed over the northern hemisphere from the polar circle in the 
north to Mexico and Taiwan in the south (Bouillé et al. 2011). Like most 
conifers, they are usually tall, evergreen species that are, although self-
fertile, mainly outcrossing (Farjon 1990; Muona 1989). They produce their 
first seeds at around 25 years of age but reach their reproductive peak years 
later and can continue to reproduce for their entire life span, up to hundreds 
of years (Bouillé and Bosquet 2005). Picea species are found over a range of 
altitudes from boreal to subalpine, and in varying but usually large effective 
population sizes. Some species have large and continuous populations, like 
P. abies and P. obovata in the northern part of Eurasia, and P. glauca and P. 
mariana in Canada and Alaska. Other species, like the Taiwanese P. morri-
sonicola, the Mexican P. chihuahuana and the Californian P. breweriana 
grow in small populations in very restricted areas at high altitude (Bouillé et 
al. 2011; Chen et al. 2010). 

In the present thesis, five species of Picea are studied. Four of them, P. 
likiangensis, P. purpurea, P. schrenkiana and P. wilsonii, are found around 
the Qinghai Tibetan Plateau (QTP), a high-elevation area in western China 
known for its striking plant diversity (López Pujol et al. 2011) (Fig. 1). Here, 
spruce has been common for 38 million years as evident by pollen records 
(Dupont Nivet 2008) and is today home to one third of all modern spruce 
species; yet little is known about their history. These species occur at inter-
mediate to high altitudes and vary in their distribution range sizes. P. wilso-
nii is the most widespread one, followed by P. likiangensis and P. schren-
kiana, whereas P. purpurea occurs only in a more confined area between P. 
wilsonii and P. likiangensis. The distribution range of P. schrenkiana is 
completely separated from that of the three other, with vast mountains in 
between (Fu et al. 1999). The fifth species, P. morrisonicola, is endemic to 
the island of Taiwan, just outside mainland China (Ran et al. 2006). Having 
been one of the most important timber species of Taiwan, intensive logging 
in recent decades has driven the population sizes downwards. It is currently 
listed by the IUCN Redlist as “Vulnerable” (Conifer Specialist Group 2000). 
Despite of its relatively young age, Taiwan has exceptionally high level of 
endemism and it has served as a refugium for several plant species during 
past ice ages (Chiang and Schaal 2006). 
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Figure 3. Distributions of Picea species around the Qinghai-Tibetan Plateau.  

Phylogeny and diversity 
The phylogeny of Picea is not well understood, but some genus-wide sur-
veys based on chloroplast and mitochondrial markers have been carried out 
(Ran et al. 2006; Bouillé et al. 2011). Although neither congruent with each 
other, nor with the morphology of spruce species, some large-scale patterns 
have emerged. The Picea genus is thought to have originated in North Amer-
ica, where P. breweriana holds a basal position in the phylogeny, displaying 
a large genetic distance to all other spruce species. All species except P. 
breweriana seem to belong to three clades; one in North America, another 
that overlaps with the North American clade and stretches into the northern 
parts of Europe and Asia, and one purely Asian, which most spruce species 
belong to. Since organelle markers frequently reveal contrasting patterns to 
each other as well as to nuclear markers, there is a need to asses the phylog-
eny of Picea based on a larger number of nuclear loci. For instance, no uni-
form phylogeny between the five spruce species studied in the present thesis 
could be produced in Ran et al. (2006) and Bouillé et al. (2011). 

Conifers have been a dominant plant taxon on earth for hundreds of millions 
of years, surviving several mass extinction events; most notably the one by 
the end of the Permian era, 250 million years ago, where 90-96% of all spe-
cies were eradicated (Benton 2003). With that in mind, one might expect that 
today’s spruce varieties, distributed across large parts of the globe, would 
carry a high degree of genetic diversity and clear differentiation. However, 
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this is not always the case. The nucleotide diversity in Picea is generally 
low; according to one study, π≈0.004 in three boreal species and even lower 
in the montane P. breweriana (Chen et al. 2010), which is lower than in 
other plant species (Heuertz et al. 2006, and references therein). There is 
also large proportion of shared alleles between species, indicating a lack of 
monophyly. In a study by Chen et al. (2010) a large number of shared poly-
morphisms were found between the Eurasian P. abies and the North Ameri-
can P. glauca, P. mariana and P. breweriana. Despite of their geographical 
distance, signs of rather recent gene flow between P. glauca and P. abies 
were detected, although most of the shared alleles likely are the result of 
retained ancestral variation. It is only when paired with P. breweriana that a 
substantial amount of fixed sites are evident in these species. Similarly, low 
differentiation was found also between populations of P. abies from diverse 
locations across Europe (Heuertz et al. 2006). 

This seemingly counter-intuitive low degree of differentiation and low nu-
cleotide diversity despite of the long history of spruce is probably best un-
derstood in the light of coalescent theory and climate change. The Picea 
genus diversified around 20 million years ago, whereby many of the species 
we see today appeared. Given an average generation time of 50 years and an 
effective population size of 100,000, this translates into 4Ne generations 
since the most recent common ancestor (Bouillé and Bousquet 2005). Under 
coalescent theory it takes on average 9-12 Ne generations for 95% of loci to 
reach reciprocal monophyly, i.e. for speciation to be completed. Simply put, 
we would in fact expect to see a lot of shared polymorphism since the gener-
ation time since divergence is relatively short. Furthermore, population his-
tory may also explain the low nucleotide diversity generally seen in spruce 
species. During Pleistocene, many plant and animal species experienced 
repeated contractions and expansions due to the several glaciation cycles that 
took place. Spruce was likely no exception, as evident by past population 
bottlenecks in P. abies (Heuertz et al. 2006; Chen et al. 2010), P. mariana 
and P. glauca (Chen et al. 2010). Although other explanations are conceiva-
ble, such as low mutation rate, past population demographics appear the 
most important factor (Heuertz et al. 2006). 

Adaptive variation in bud set 
In spruce, as well as other perennial plants, the reproductive cycle is adapted 
after the cyclic changes in seasons throughout the year. As spruce is found 
mostly in temperate regions, harsh conditions during autumn and winter will 
induce a dormant phase followed by a period of growth and reproduction 
during spring and summer. By the end of the summer, trees cease to grow 
and form terminal buds. Compounds for frost tolerance are also formed in 
the tissues. After the dormant period, the buds burst in the spring and growth 
is resumed (Gyllenstrand et al. 2007). 
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Bud set and bud burst are very important fitness traits in spruce, marking the 
end of the growth period and the beginning of the subsequent one. The tim-
ing of these two events is a trade-off between survival and maximum fitness. 
If buds are set too early in the autumn, it shortens the growing season, which 
is a disadvantage in the competition for resources and for the reproductive 
output. On the other hand, if buds are set too late, they are at risk for frost 
damage (Ekberg et al. 1979). This risk is obvious in the temperate regions of 
the northern hemisphere, but even as far south as in the mountains of sub-
tropical Taiwan, the mean temperature in January is a mere 5°C (Guan et al. 
2009). Bud burst is critical in the same way as bud set. If buds burst too ear-
ly they will be exposed to frost, which can kill the tissues and thus diminish 
the reproductive success for the remainder of the season. Similarly, a late 
bud burst shortens the growth period just like an early bud set does (Ekberg 
et al. 1979).  

The influence of photoperiod on growth and dormancy in woody plants was 
shown already in 1923 by Garner and Allard, and their work was subse-
quently followed by similar studies in a number of other species. Within the 
Picea family, Norway spruce (Picea abies) is currently the most well-studied 
system. In this species, it has been found that bud set and growth cessation in 
first-year seedlings are mainly controlled by photoperiod in the autumn and 
that bud burst is initiated by temperature in the spring (Gyllenstrand et al. 
2007). Bud set shows a strong clinal variation with populations in northern 
Sweden (where the nights are extremely short during summer) setting buds 
at 2-3 hours of night and populations in central Europe requiring 7-10 hours 
of night (Dormling 1979). The response to photoperiod appears to correlate 
also with altitude; at high altitudes, where the first frost comes earlier in the 
year, Norway spruce seedlings require shorter night lengths to respond as 
compared to their lowland conspecifics (Heide 1974). 

How bud set is controlled in spruce species towards the southern limits of 
the range has not yet been studied. Since the photoperiod does not show as 
pronounced differences between seasons as in the north, it is possible that 
other environmental cues, such as temperature, are involved here. 

Bud set is genetically controlled and highly heritable, but the genetic path-
ways behind it in spruce are likely complex and currently not fully under-
stood. In studies on P. abies, the gene TERMINAL FLOWER 2 (PaFTL2) has 
emerged as a strong candidate for downstream involvement in the control of 
bud set. This gene is conserved over a large number of angiosperm species, 
and it closely resembles the FLOWERING LOCUS T (FT) gene, that induces 
flowering in Arabidopsis thaliana (Karlgren 2013). The expression of 
PaFTL2 in P. abies has been demonstrated to be strongly correlated to bud 
set under a range of conditions (Gyllenstrand et al. 2007) and variants of its 
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promoter show a clinal distribution from north to south, which also mirrors a 
cline in expression level of the gene (Chen et al. 2012).  

Dysoxylum malabaricum 
Dysoxylum malabaricum Bedd. (white cedar) is an economically important, 
yet endangered, large evergreen tree (Fig. 4) endemic to the forests of the 
Western Ghats area in India. The Western Ghats is one of the world’s fore-
most biodiversity hotspots, based on exceptional endemism and conservation 
need, as identified by Myers et al. (2000) in their classical study. It is a mon-
taneous massif stretching along the west coast of India, interrupted only by 
the two ancient Palghat and Shencottah gaps in the southern part of the range 
(Robin et al. 2010). D. malabaricum is distributed throughout most of the 
Western Ghats. Despite its status as a biodiversity hotspot, no large-scale 
studies on population structure or demographics in any species have so far 
been conducted in the Western Ghats. 

Ecology, use and threat status 
D. malabaricum is an outbreeding species that produces seeds contained 
within large fruits, dispersed by the Malabar hornbill. Its fruits, bark and 
wood are used for economical, religious and medicinal purposes. For ex-
ample, its wood oil is a widely used ingredient in traditional medicine and 
the wood itself is highly priced in construction of woodworks and small 
furniture (Kerala Forest and Wildlife Department 2013). Wood logs of D. 
malabaricum are sold for up to 620 USD per cubic meter in local timber 
auctions (Ismail et al. 2012). They bear first fruits at age 12-15 and are har-
vested typically as they attain a girth of 180 cm, around age 75-80 (Ravi-
kanth 2013, personal communication). 

In two separate study sites, regeneration of D. malabaricum has been shown 
to be poor (Shivanna et al. 2003; Ismail et al. 2012; Khan 2007). This is 
evident by an almost complete lack of young individuals, which is likely due 
to prolonged overharvest of fruits. Further exacerbating the situation is that 
populations have become increasingly fragmented in recent decades as fo-
rests are converted into agricultural land (Shivanna et al. 2003). This over-
exploitation and loss of habitat is likely to reduce the genetic diversity and, 
in the long run, cause detrimental effects from inbreeding. 

Although no range-wide studies on genetic structure in plants have been 
carried out on any species in the Western Ghats, some studies have evaluated 
the genetic structure of animal species in the vicinity of the two gaps in the 
southern part of the area. For instance, substantial population structure that 
correlates with either one or both of the gaps have been found in frogs (Nair 
et al. 2012), elephants (Vidya et al. 2005) and birds (Robin et al. 2010). 
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Since D. malabaricum is a species of conservation interest, it is important to 
assess whether the populations on north and south of the gaps should be 
managed as separate units. 

 

   
 

Figure 4. Adult tree and seedling of D. malabaricum. 
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Research aims 

This thesis attempts to address questions within the field of speciation and 
conservation genetics of forest trees in Asia. The specific aims in each paper 
are: 

Paper I  Infer the phylogeny, demographic history and genetic 
diversity of four Picea species around the Qinghai-Tibetan 
Plateau, China. 

Paper II  Assess the genetic diversity of the endemic Taiwan spruce 
Picea morrisonicola, its demographic history and its relation 
to mainland Chinese spruce species. 

Paper III  Investigate the photoperiodic response of bud set and FTL2 
expression in Picea morrisonicola. 

Paper IV  Explore the large-scale genetic diversity in Dysoxylum 
malabaricum in the Western Ghats, India, and suggest units 
for conservation. 

Paper V  Assess the fine-scale spatial genetic structure in four heavily 
disturbed populations of Dysoxylum malabaricum and offer 
recommendations for conservation. 
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Results and discussion  

Paper I 
In Paper I we investigated the demographic history of four spruce species 
from around the Qinghai-Tibetan Plateau (QTP) in Western China: Picea 
likiangensis, Picea purpurea, Picea schrenkiana and Picea wilsonii. Apart 
from investigating the demographic history, the aim was also to study the 
genetic diversity and phylogeny in these species. We sequenced 12-16 nu-
clear loci in 23-80 individuals from each of the four species and recorded the 
diversity at coding and non-coding single nucleotide polymorphisms (SNP).  

As in other spruce species, most polymorphisms were shared between spe-
cies. Private alleles were found in all species, but fixed differences were 
exclusive to P. schrenkiana. Silent nucleotide diversity, πs, was low in P. 
schrenkiana (0.00258) and considerably higher in P. likiangensis (0.00930), 
P. purpurea (0.00996) and P. wilsonii (0.00874). The nucleotide diversity in 
the three latter species was also higher than in European boreal spruce spe-
cies of larger distribution ranges. This difference is likely a result of severe 
population bottlenecks that the European species have gone through in the 
past. 

To infer the demographic history of the QTP species, we used summary 
statistics and coalescent simulations. A Hudson-Kreitman-Aguadé (HKA) 
test was performed as an indicator of departure from the standard neutral 
model (SNM) at individual loci. Significant departure could not be detected 
in any loci in any species. On the other hand, the site-frequency spectrum 
statistic Tajima’s D was negative in all species (ranging from -0.38 to -0.80), 
which would be congruent with a population bottleneck. However, few loci 
departured significantly from the SNM when tested individually. To further 
examine past demographics, we tested three simple models using Approxi-
mate Bayesian Computation (ABC): the standard neutral model, an exponen-
tial growth model and a bottleneck model. The posterior probabilities and 
the Bayes factor were recorded for model comparison. Generally, Bayes 
factors were similar between models but the SNM were more often pre-
ferred. In P. likiangensis and P. purpurea, the SNM had the strongest sup-
port. In P. wilsonii, the growth model had a slightly higher Bayes factor than 
the SNM, but the estimated growth rate was close to zero. In P. schrenkiana, 
the bottleneck model had the highest Bayes factor. This corresponds well to 



 28 

the low nucleotide diversity seen in P. schrenkiana, as opposed to the three 
other species that have not gone through a bottleneck. 

A simple split model was also studied in more detail by another coalescent-
based method, MIMAR. Here, we evaluated pairs of species to estimate the 
split time and migration rate between the two species. Since this method 
requires fixed differences in the SNPs, we could only evaluate pairs of spe-
cies including P. schrenkiana. The analysis revealed that the split time was 
longest between P. schrenkiana and P. likiangensis and shortest with P. pur-
purea. Migration rates were assymetrical with P. likiangensis and P. wilso-
nii, suggesting that P. schrenkiana may have acted as a source population. 

The relationship between the four species was further investigated by run-
ning the clustering algorithm STRUCTURE on the whole data set. The most 
likely number of clusters (K) was three. Under this model, P. schrenkiana 
and P. wilsonii form distinct clusters, whereas P. likiangensis, although it is 
clearly separated from the rest, shows some influence from P. schrenkiana. 
P. purpurea appears admixed, with the highest contributions from P. schren-
kiana and P. likiangensis. The same pattern is seen also at K=4 and K=5.  

Combined with morphology and cytoplasmic markers, the history of the four 
species appears complex. Based on morphological criteria, P. schrenkiana 
and P. wilsonii are assigned to one group, whereas P. purpurea and P. 
likiangensis are assigned to another. At organelle markers, on the other hand, 
P. purpurea and P. wilsonii show extensive haplotype sharing, while P. 
likiangensis and P. schrenkiana belong to a separate group. As P. purpurea 
could not be assigned to a distinct cluster by STRUCTURE, but rather was 
scattered over the three other species, it likely has a hybrid origin. However, 
no clear inferences on the demographic history can be drawn from this data 
set, possibly because other spruce species around the QTP could have con-
tributed to the diversity seen in our focal species. What remains clear is that 
the phylogeny of spruce in this area is a complex web, and that future studies 
will need to cover a larger number of species, use nuclear as well as cyto-
plasmic markers and combine different methods of analysis, since any one 
single approach will likely yield erroneous results. 

Paper II 
By studying the demographic history, conclusions can be drawn regarding 
the impact of climate change during the Pleistocene ice ages on the effective 
population size.  
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Against this background, in Paper II we investigate the genetic diversity and 
demographic history of P. morrisonicola and its relationships with four Chi-
nese mainland spruce species. Seeds were sampled from 15 P. morrisonicola 
individuals in central Taiwan and megagametophytes were sequenced at 15 
nuclear SNP loci. For comparison, SNP data on the Chinese mainland spe-
cies P. likiangensis, P. purpurea, P. schrenkiana and P. wilsonii from Paper 
I were used. These four species are representative of the main species clus-
ters identified by previous genus-wide phylogenetic studies.  

Genetic diversity in P. morrisonicola was low (π=0.00146) and on the same 
level as in other montane marginal spruce species such as the Californian P. 
breweriana (π=0.00200), the north-western Chinese P. schrenkiana 
(π=0.00258) and the Mexican P. chihuahuana, in which very few chloro-
types and mitotypes were found. 

The phylogenetic analysis in STRUCTURE suggested that K=4 was optimal 
(Fig. 1). At this K, all species except P. purpurea make up their own cluster, 
in line with Paper I where P. purpurea was identified as possibly having a 
hybrid origin with several contributing species. Looking at K=3, P. morri-
sonicola clusters most closely with P. wilsonii, the geographically closest 
species among the four.  

 

 
 

Figure 1. Proportion of estimated ancestry for individuals to each cluster (K=2-4) 
from STRUCTURE. 

Based on the STRUCTURE results, two complementary Bayesian simula-
tion approaches were used to infer the split time between P. morrisonicola 
and P. wilsonii and the demographic history of P. morrisonicola; MIMAR 
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and ABC. ABC was also employed for evaluating different demographic 
models within P. morrisonicola.  

The split time between the two species was estimated to 4-8 mya by 
MIMAR, roughly coincidental with the formation of the island of Taiwan, 
and 1.1-2.2 mya by ABC, similar to the estimated colonization by other co-
nifer species. The within-species analysis in ABC suggested a severe popula-
tion bottleneck in P. morrisonicola after the split, around 0.37-0.74 mya. 
Whilst the number of individuals used in the simulation was low, power 
analysis simulations showed that the false positive rate in the bottleneck 
model (0.01) is low. The low number of individuals sampled is compensated 
by the number of loci assessed and the strength of the bottleneck. Therefore, 
we could reliably infer part of the demographic history even in this limited 
sample. 

Although it is difficult to directly attribute the genetic diversity to climatic 
changes, the genetic diversity in P. morrisonicola is, like in other relict 
spruce species, reduced. Given that the population size was likely much 
larger in the past, the data suggest that the climate oscillations during the 
Pleistocene might have been an important factor. 

Paper III 
In Paper III, we investigated the effect of photoperiod and temperature on 
bud set in P. morrisonicola, to answer whether the same mechanisms control 
bud set in this species as in P. abies. In species growing very near the equa-
tor, where photoperiod is constant or nearly constant throughout the year, 
events such as small shifts in sunrise and sunset times and seasonal rainfall 
are in some cases the main cues controlling flowering in several species.  

~180 seedlings of P. morrisonicola were allocated to each of two treatments. 
In treatment A, where night length increased weekly and temperature was 
held constant at 20°C, all individuals set bud. None of the individuals in 
treatment B, in which night length increased and temperature decreased 
weekly, set bud. In treatment A, out of the eight families that completed bud 
set earliest, all but one family were found at the highest altitudes in the sam-
ple (2525-2561 m), and conversely, within the seven families that completed 
bud set later, all but one family were found on lower altitudes (2245-2517 
m) (Fig. 1). However, this difference was not statistically significant.  
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Figure 1. Percentage of bud set in each of the 15 families over experimental week 8-
10. 

The expression of PmFTL2 was initiated upon dark exposure and continued 
to increase as nights became longer. Low temperatures did not promote 
quicker response. 

In conclusion, photoperiodic control of bud set appears to be a conserved 
trait in diverse species of the Picea genus, and it seems to be the main envi-
ronmental cue even under the narrow day length intervals in Taiwan. Fur-
thermore, a trend towards earlier bud set in individuals found at higher alti-
tudes is congruent with findings in P. abies where significant differences 
were detected over a 1000 m altitude interval. It is reasonable to assume that 
the differences in timing of bud set would have been even more pronounced 
had the full altitudinal range of the species been sampled. 

Paper IV 
In Paper IV, we investigated the large-scale genetic structure and demo-
graphic history of twelve populations (Fig. 1) of D. malabaricum in the 
Western Ghats, with the specific aim to assess the impact of human activities 
on genetic diversity.  
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 Figure 1. The twelve sampling locations of D. malabaricum along the west coast of 
peninsular India. The Palghat gap (north) and Shencottah gap (south) are marked 
with horizontal bars. 

The majority of highly disturbed populations were concentrated to the north. 
This was accompanied by higher FIS values in the north, although the gene 
diversity did not show the same pattern. 

Three genetic clusters were detected by STRUCTURE, and two of these 
were situated nearby each other in the northern part of the range, whereas the 
third cluster stretched over more than half of the southern distribution range. 
Interestingly, the two ancient gaps in the mountain chain, the Palghat and 
Shencottah gaps, had no impact on the genetic clusters. This contrasts with 
the distinct clusters that have been found north and south of the gaps in sev-
eral animal species. All populations could be clearly assigned to a cluster 
except for the Agumbe (7) population that appeared admixed.  

Demographic history was evaluated by coalescent simulations in DIYABC. 
A simple split model where four population groups, i.e. the three STRUC-
TURE clusters and the Agumbe population, diverged 44,000 years ago had 
the highest likelihood. In particular it had a higher likelihood than a model 
where the Agumbe population originated later as the result of admixture 
between two other population groups. Based on these results, we recommend 
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that the Agumbe population be granted status as a separate management unit 
along with the three STRUCTURE clusters.  

More recent demographic history was also assessed by the software BOT-
TLENECK, which detects heterozygosity excess, the signal of a recent bot-
tleneck. A significant result was detected in one of the most heavily dis-
turbed northern populations. 

Fine-scale genetic structure, measured as the spatial autocorrelation of geno-
types, indicated that the bi-parentally inherited nuclear genome was more 
locally structured than the maternally inherited chloroplast one. This sug-
gests that long-distance seed dispersal might be more important than pollen 
flow to the genetic connectivity between the southern populations, but data 
from more loci would be needed to draw firm conclusions. 

Furthermore, the results suggest that the population split within D. malabar-
icum predated the last glacial maximum (LGM; 26,500-19,000 years ago). 
The genetic structure seen today is, to a large extent, shaped by population 
movements from refugial pockets after the LGM and subsequent gene flow, 
rather than by human activities. However, early signs of potentially human-
induced increased inbreeding and recent bottlenecks in disturbed populations 
were detected and warrant more detailed studies. 

Paper V 
Based on the results in Paper IV, we investigated the spatial genetic structure 
(SGS) and genetic diversity in D. malabaricum on a finer scale using the 
same set of nuclear SSR markers as previously but with more extensive 
sampling in four of the locations in the area: Yakambi (1), Hittalahalli (2), 
Navangere (4) and Sarekoppa (6). All locations had previously been classi-
fied as highly or moderately ecologically disturbed based on visual inspec-
tion. Collection of size measurements of adult trees and counts of juveniles 
revealed that all locations except Hittalahalli had an imbalance in demo-
graphic profile with a dearth in juveniles and young adults. Furthermore, 
old-growth trees were scarce. 

A STRUCTURE analysis suggested that each geographical population could 
be considered as a separate genetic cluster. In line with this, landscape-scale 
SGS revealed that gene flow between patches is limited. Fine-scale SGS 
(FSGS) within patches was detected at the shortest distance class in seed-
lings but not in adults. Given the clumped seed dispersal by hornbills and the 
dearth of juveniles, the contrasting FSGS patterns between seedlings and 
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adults was interpreted as severe seedling mortality. However, determining 
the causes would require further ecological studies. 

Inbreeding, in terms of high FIS and low Ho, was only detected in the adult 
age classes in three of the locations and not in any other age class. If in-
breeding had been caused by sustained disturbance or fragmentation, one 
would have expected to see a similar or even more pronounced pattern in 
younger cohorts. Furthermore, if it was related to the distribution of these 
locations at the species margin, a similar pattern would have been expected 
in all four locations. Therefore, local demographic events in the past appear 
a more likely explanation, and based on age determination of the forest 
stands, we discuss that the timing of these hypothetical events could have 
coincided with the rapid expansion of agriculture in the mid 20th century.  

In conclusion, the patches in the present study display ecological disturbance 
and a severe imbalance in demographic profile, which might hamper future 
reproductive success. However, impacts on the overall genetic diversity from 
the recent decades of intense land use could not be detected, probably as a 
consequence of a historically limited gene flow between patches. These 
patches should therefore be managed as four separate units corresponding to 
the geographical populations, and until the cause of the seedling mortality is 
known, a conservative conservation approach aimed at limiting disturbance 
in D. malabaricum stands is recommended. 
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Conclusions 

In the present thesis, we used evolutionary genomics approaches to answer 
questions on conservation and speciation in selected Asian forest tree spe-
cies. 

In Paper I and II, we investigated the genetic diversity, speciation and demo-
graphic history of four spruce species around the Qinghai-Tibetan Plateau 
(QTP), Western China, and one from Taiwan. Nucleotide diversity was low 
in P. schrenkiana and the Taiwanese P. morrisonicola but higher in P. 
likiangensis, P. purpurea and P. wilsonii. This can be explained by the popu-
lation bottlenecks that were detected in the two former species by coales-
cent-based analysis. In P. morrisonicola, the bottleneck was exceptionally 
severe and could therefore be detected even with only a limited sample of 
individuals. The phylogenetic relationships between the five species were 
difficult to interpret, possibly because other Asian spruce species might have 
been involved. However, the island species P. morrisonicola clusters most 
closely with P. wilsonii, and P. purpurea likely has a hybrid origin.   

In Paper III, the rate of bud set and expression of the FTL2 gene in response 
to photoperiod in the southernmost growing spruce species, P. morrisonico-
la, was studied. We found that in this species, although growing near the 
equator, bud set appears to be induced mainly by a shortening of photoperiod 
similarly to its more northerly growing spruce relatives. In addition, seed-
lings originating from mother trees growing at higher elevations showed a 
trend towards earlier bud set than seedlings originating from mother trees at 
lower altitudes. This has been found also in other spruce species, however, in 
the present study the same effect was detected over much smaller differences 
in altitude. 

In Paper IV and V, we assess the population structure and genetic diversity 
of the endemic white cedar (Dysoxylum malabaricum) in the Western Ghats, 
India. Contrary to expectation, the two geographical gaps in the southern 
part of the range do not act as genetic barriers in this species, although it 
correlates with distinct population structure in animal species. On the contra-
ry, pollen and seed dispersal appears naturally much more restricted in the 
north. Overall, no increase in inbreeding that could be related to human ac-
tivities could be detected. Populations appear to have maintained genetic 
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diversity and gene flow in spite of forest fragmentation over the distribution 
range. However, there is a severe lack of juveniles and young adults in sev-
eral populations that needs to be further addressed. Finally, we recommend 
conservation units based on population structure. 
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Svensk sammanfattning 

Kina och Indien är två viktiga lander ur miljösynpunkt; de stora skogsom-
rådena fungerar som koldioxiddeppåer och inrymmer en mängd arter, varav 
många är unika. Skogarna förser även befolkningen med såväl inkomster 
som virke, ved, föda och läkemedel. Samtidigt hotas många arters fortlevnad 
av ökad exploatering och omvandling av skog till jordbruksmark till följd av 
den hastigt växande befolkningen. På längre sikt kan även klimatförän-
dringar utgöra ett allvarligt hot. I den här avhandlingen använder vi olika 
populationsgenetiska metoder för att svara på frågor som rör bevarandebi-
ologi och artbildning hos utvalda viktiga trädarter i Asien. 

Picea (gran) är ett släkte som omfattar ca 35 arter utbredda över norra 
halvklotet, varav många är ekonomiskt viktiga. I artikel I och II studerar vi 
släktskapet mellan och den historiska demografin och genetiska diversiteten 
hos fyra arter av gran som återfinns i västra Kina kring den Tibetanska hög-
platån: P. likiangensis, P. purpurea, P. schrenkiana och P. wilsonii, samt 
den taiwanesiska hotade P. morrisonicola. Genom att sekvensera nukleära 
loci och jämföra skillnader i substitutioner av enskilda baspar (single nucleo-
tide polymorphisms; SNPs) drar vi slutsatsen att den genetiska diversiteten 
är låg hos de mindre utbredda P. schrenkiana och P. morrisonicola och 
högre hos de mer utbredda övriga tre arterna. Hos de sistnämnda arterna är 
den genetiska diversiteten högre än hos europeiska arter med jämförbara 
utbredningsområden, troligtvis p.g.a. att dessa tre arter inte har fluktuerat i 
populationsstorlek lika kraftigt till följd av tidigare glaciationer som de eu-
ropeiska arterna. De fem arterna delar många SNPs, vilket kan tyda på att 
artbildningen inte är fullständig, sett till genetiska markörer, trots att arterna 
har olika morfologi. Släktskapet var svårt att bestämma med säkerhet då 
olika metoder gav något olika resultat. En trolig förklaring är att släktskapen 
mellan dessa arter är komplexa och eventuellt har involverat fler arter än de 
som ingick i denna studie. P. purpurea har troligtvis ursprung som hybrid 
mellan flera arter. Vi finner att den närmst besläktade arten till den tai-
wanesiska P. morrisonicola är P. wilsonii och att dessa två arter skiljdes åt 
evolutionärt för 4-8 eller 1-2 miljoner år sedan, beroende på metod. Den 
tidigare uppskattningen motsvarar det geologiska bildandet av ön Taiwan 
och den senare uppskattningen sammanfaller med tidpunkten då andra 
barrväxter beräknas ha koloniserat ön. Simuleringar av den demografiska 
historien visade att P. morrisonicola genomgått en kraftig flaskhals i popula-
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tionsstorlek för 0.37-0.57 miljoner år sedan, potientiellt som en följd av 
klimatförändringar i samband med glaciationerna under Pleistocen. Re-
sultaten från dessa studier hjälper till att utreda de hittills dåligt kartlagda 
släktskapen mellan de asiatiska arterna av gran, vilket kan användas som 
underlag i planeringen av framtida bevarandearbete. Vidare belyser studierna 
hur dessa arter historiskt påverkats av klimatförändringar.  

Sårbarheten för klimatförändringar kan även studeras genom att mäta 
effekten av olika klimatfaktorer på ekologiskt viktiga egenskaper hos en art. 
Hos P. morrisonicola, som endast återfinns på Taiwan, där skillnaderna i 
dagslängd över året är små jämfört med på nordligare breddgrader, där 
dagslängden har visat sig avgöra tidpunkten för knoppsättning hos P. abies. I 
artikel III utreder vi om det är främst dagslängd eller temperatur som avgör 
tidpunkten för knoppsättning. Genom att studera knoppsättning och uttryck 
av genen FTL2, vilken visat sig initiera knoppsättning i P. abies, finner vi att 
dagslängden är den mest avgörande faktorn även hos P. morrisonicola.  

I artikel IV och V studerar vi den ekonomiskt viktiga och hotade arten vit 
ceder (Dysoxylum malabaricum). Denna art har under de senaste årtiondena 
reducerats i antal i utbredningsområdet längs med Indiens västkust. Med 
hjälp av mikrosatellitmarkörer, repetetiva DNA-segment av varierande 
längd, undersöker vi populationsstrukturen, d.v.s. avgränsningen av de ge-
netiska populationerna, hos D. malabaricum. Detta undersöks både över 
artens fulla utbredningsområde och med högre upplösning mer lokalt i norra 
utkanten av utbredningsområdet. På den större skalan identifierar vi fyra 
genetiska kluster, varav tre är belägna i den norra delen. I denna region fin-
ner vi även indikationer på ökad inavel och en nyligen genomgången 
flaskhals i populationsstorlek. Dessa fynd sammanfaller med att de un-
dersökta populationerna i norr har en högre bedömd grad av störningar i 
ekosystemen. Den generella slutsaten är dock att de senaste årtiondenas ex-
ploatering inte allvarligt har påverkat den genetiska diversiteten hos yngre 
jämfört med äldre generationer av denna art, och att den nuvarande diversite-
ten och populationsstrukturen är ett resultat av historiska händelser under 
flera miljoner år snarare än påverkade av samtida mänsklig aktivitet. När de 
fyra populationerna i den norra delen av utbredningsområdet studerades mer 
i detalj kan vi bekräfta att den genetiska diversiteten inte påverkats i lika stor 
utsträckning som ekosystemen. De fyra geografiska populationerna utgör 
även fyra distinkta genetiska populationer som troligtvis har haft en väldigt 
låg grad av genflöde under lång tid, och alltså inte till följd av mänsklig 
påverkan. Detta kan bero på naturliga begränsningar, till exempel beteendet 
hos den fröspridande näshornsfågeln. Mer alarmerande är att den demo-
grafiska profilen är kraftigt påverkad. Trots att stora mängder förstaårsplan-
tor påträffas i alla fyra populationer finns väldigt få individer i ung reproduk-
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tiv ålder, vilket tolkas som hög dödlighet bland förstaårsplantor. Orsaken till 
detta är dock okänd och motiverar vidare studier. 
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