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Abstract  

The timing of when to initiate reproduction is important in any organism’s life cycle. There 
is much variation in flowering time among plant populations and there is little knowledge 
about to what degree this variation contributes to local adaptation and possible speciation. I 
investigated demographic and genetic variation in early and late flowering morphs of the 
perennial herb Succisa pratensis located at different hay meadows on the Baltic island of 
Gotland, Sweden. The demographic part of the study showed significant separation between 
early and late flowering morphs in three plant traits; leaf width, number of leaves and fruit 
width. Also population growth rates were slightly different between the two morphs, with 
the early flowering morph having the highest rate. This indicates that the early flowering 
morphs are better adjusted to the habitat conditions of mowed and grazed hay meadows 
than the late flowering morphs. In contrast, the genetic variation among and within 
populations based on the Amplified Fragment Length Polymorphism method, showed low 
significant differences with regards to flowering time. When attempting to integrate the 
demographic and genetic datasets in a minimal adequate model, several alleles correlated 
significantly with the three mentioned plant traits. My study suggests that the development 
of larger studies of this kind, together with more suitable statistical methods is needed when 
integrating demography with genetics. Further I argue that cooperation between the two 
fields is crucial to get more complete studies of speciation, extinction risks, management 
regimes and other ecological and evolutionary consequences.  



3 

Introduction  

The seasonal timing of flower production is a critical event in the lifecycle of many plant 
species. A range of abiotic and biotic interactions have been suggested to influence the 
optimal flowering phenology, e.g. latitude, altitude, light level, temperature, nutrient level 
and water availability (Ollerton & Lack 1992; Hall & Willis 2006). Together with the 
interaction of genetically controlled flower development and differentiated habitats, the 
optimal timing of flowering varies tremendously (Hall & Willis 2006).    
 
Centuries of management have shown to generate adaptations of flowering time in plants 
(Adams 1955; Grossman 1975; Zopfi 1993; Smith et al. 2000; Bühler & Schmid 2001). In 
hay meadows in northern Europe, mowing for hay has been a tradition for almost 2,000 
years. Animals were kept inside during the winter time due to climate cooling and therefore 
winter fodder was needed (Ekstam et al. 1988). The traditional management components 
throughout a year contains; raking, mowing for hay, aftermath grazing, pollarding for leaf 
fodder and clearing (Ekstam et al. 1988; Anonymous 1992). In these habitats the effects of 
various management regimes is of significant importance as the continuous disturbance 
maintains light open areas, as well as keeping nutrient levels low, thus enabling high species 
richness (Smulder et al. 2000; Lennartsson & Oostermeijer 2001; Wallin & Svensson in 
manuscript). The plant species composition of hay meadows is considered to be rare 
examples of diverse plant communities (Bühler & Schmid 2001). 
 
In hay meadows on the Baltic island of Gotland, Sweden, the mowing in mid July has 
forced many plant species to flower up to one month earlier than the late forms (Hallgren 
1997). Succisa pratensis occurs in species rich grasslands with high conservation value 
(Hegland et al. 2001) and has been of great interest in many demographic studies (Hallgren 
1997; Billeter et al. 2002; Hartemink et al. 2004; Jongejans & de Kroon 2005; Soons et al. 
2005; Herben et al. 2006; Mildén et al. 2006; Wallin & Svensson in manuscript). Hallgren 
(1997) showed in a common garden study that there are two distinctly separate flowering 
times in S. pratensis in different habitats on Gotland. Individuals from managed hay 
meadows flowered almost a month earlier than individuals at non-managed sites. In that 
study different morphological characteristics were compared and showed significant 
differences in number of internodes, flowers and flowers in side heads between early and 
late flowering morphs. In some meadows both flowering morphs occur side by side and 
selection for a disjunct flowering time may still be acting at these sites. By investigating 
population growth rate (λ) for the two different flowering morphs, it may be possible to find 
evidence for this (Caswell 2001). 
 
Studies of genetic diversity have been made on a wide range of species, but little is known 
about S. pratensis in terms of genome and molecular biology (Smulders et al.. 2000; 
Billeter et al. 2002). Smulders et al. (2000) and Billeter et al. (2002) used Amplified 
Fragment Length Polymorphism (AFLP) to analyze the genetic diversity. AFLP gives 
dominant markers (i.e. no distinction between heterozygotes and homozygotes, which 
means it is assumed that there are only two alleles at each locus) and the method is 
considered to be highly reproducible (Miller 1997). Only a small sample is required and the 
method gives a high resolution at a moderate cost. The large number of bands gives a 
realistic measurement of variation across the entire genome, thus providing a good estimate 
of the overall level of genetic variation (Vos et al. 1995; Tali et al. 2006). The most 
commonly used measurement of genetic differentiation is Wright´s F-statistics (i.e. FST) 
(Holderegger et al. 2006). FST estimates the genetic variation among populations and is 
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based on data from neutral genes (Holderegger et al. 2006; Palsbøll et al. 2006; Allendorf & 
Luikart 2007).   
 
Succisa pratensis is one of many typical meadow plant species that is declining throughout 
Northern Europe due to landscape changes and abandonment of traditional management 
(Anonymous 2004; Herben et al. 2006; Wallin & Svensson in manuscript). It is adapted to 
its managed environment so that genetic differentiation of flowering time could result in 
ecological reproductive isolation (Anonymous 1994; Hall & Willis 2006). In hay meadows 
at Gotland, S. pratensis decreased by 11% between 1998 and 2004, which indicates that the 
less abundant plant species in those habitats are endangered (Billeter et al. 2003; 
Anonymous 2004). Wallin & Svensson (in manuscript) stressed that management of these 
hay meadows is insufficient to maintain species richness. My study looks at the speciation 
factor of management and the aim was to examine if the differentiation in flowering time of 
S. pratensis in hay meadows on Gotland can be explained by genetic and/or demographic 
factors. I also wanted to combine the genetic and demographic data to find a possible 
broader interpretation of the results. The following questions were addressed:  

1. Is there a genetic difference between early and late flowering morphs of S. 
pratensis? 

2. Is there a difference in population growth rates between early flowering and late 
flowering populations of S. pratensis?  

3. Are there any morphological differences between populations of the two flowering 
morphs of S. pratensis growing in the same meadow? 

4. Is there any correlation between the genetic and demographic data of S. pratensis?  
 

Materials and methods 

Study species 

Succisa pratensis is a protandrous diploid (2n=20) perennial herb that is found in poor 
pastures, fens, bogs, roadsides and sea cliffs throughout Europe and parts of Asia (Adams 
1955). In Sweden it is most common in calcareous rich, nutrient poor and mesic grasslands 
(Bühler & Schmid 2001; Mildén et al. 2006). Plants produce low-growing rosettes of leaves 
covered with minute hairs, has a stem that can be up to 80 cm in height and small rounded 
violet-blue flower heads, 15-25 mm across, which appear from June to October (Adams 
1955; Feilberg & Svedberg 1999; Mildén et al. 2006). It is insect pollinated and can live up 
to approximately 25 years (Adams 1955; Bühler 2001; Mildén et al. 2006). Most seeds land 
close to the mother plant, however, long-distance dispersal by animals is likely to occur at 
low rates because S. pratensis seed capsules have hooks and are covered by hairs that allow 
easy attachment to fur (Römermann et al. 2005).  
 
Succisa pratensis benefits strongly from mowing and grazing management (Wallin & 
Svensson in manuscript). This regime is required on a regular basis for continued 
population persistence, since no permanent seed bank has been found for S. pratensis 
(Bühler 2001; Jensen 2004; Mildén et al.. 2006; Wallin et al. submitted manuscript). There 
are two observed flowering morphs of S. pratensis with the most common flowering in the 
beginning of August (Adams 1955). The early flowering morph, found in managed hay-
meadows in Sweden (and other similar habitats in Europe), is an adaptation from mowing 
occurring in the middle of July. The late flowering form is rare in managed hay-meadows 
(Olleton & Lack 1992).   
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Study sites 

The study sites are located at the Swedish island of Gotland in the Baltic Sea (figure 1). 
Gotland has less rainfall and more sun hours than the Swedish mainland. (Anonymous 
1992) The climate is influenced by the surrounding sea, with generally mild winters and 
autumns and with a cool spring arriving late. The average yearly temperature is 6.6˚C, and 
annual mean rainfall is 527 mm (SMHI 2006). This climate combined with calcareous rich 
soil and the long tradition of mowing and grazing, benefits a plant such as Succisa 
pratensis. The present management consists of raking in spring, mowing in July and grazing 
by cattle or sheep in August or September (Wallin & Svensson in manuscript). The study 
was set up in two parts; first at one meadow where both demographic and genetic data were 
analyzed (Gerum site) and secondly with only genetic data of 22 populations throughout 
Gotland (table 1 and figure 1).  
 
 
Table 1. Study populations of Succisa pratensis at the Baltic island of Gotland, Sweden. The total population 
sizes are estimates of the number of individuals at each site. Early flowering = E, late flowering = L. 
Coordinates (from map) are transformed from RT 90 (2.5 gon V 0:-15) to SWEREF99 (WGS84). 
(Lantmäteriet 2007) 
 
Site Designation 

(Flowering 
time) 

Total 
population 
size 

Sample 
size 
(N) 

Latitude 
(north) 

Longitude 
(east) 

Ardre  E1 >1 000 5 57º 22′ 22″ 18º 42′ 32″ 
Anga E2 >1 000 5 57º 28′ 46″ 18º 42′ 30″ 
Ethelhem E3 >500 5 57º 19′ 52″ 18º 30′ 22″ 
Käldänge E4 >500 5 57º 18′ 55″ 18º 36′ 22″ 
Linde E5 <100 5 57º 16′ 24″ 18º 22′ 05″ 
Fardhem E6 >500 5 57º 15′ 41″ 18º 20′ 27″ 
Hulte E7 >500 5 57º 13′ 42″ 18º 22′ 30″ 
Pankar E8 >500 5 57º 07′ 51″ 18º 22′ 43″ 
Öja E9 >1 000 5 57º 02′ 04″ 18º 17′ 59″ 
Lasses E10 >500 5 57º 00′ 29″ 18º 19′ 49″ 
Grötlingbo E11 >500 5 57º 07′ 13″ 18º 21′ 27″ 
Gerum E12 >1 000 40 57º 17′ 18″ 18º 18′ 43″ 
Lojsta L1 <50 5 57º 18′ 52″ 18º 23’ 20″ 
Kräklingbo L2 <50 5 57º 26′ 47″ 18º 42′ 45″ 
Anga L3 <50 5 57º 28′ 46″ 18º 42′ 30″ 
Bendes L4 >100 5 57º 29′ 43″ 18º 45′ 55″ 
Laxare L5 <50 5 57º 42′ 24″ 18º 44′ 53″ 
Hässle L6 <50 5 57º 53′ 09″ 18º 53′ 58″ 
Mangsarve L7 <50 5 57º 35′ 36″ 18º 30′ 53″ 
Allekvi L8 <50 5 57º 36′ 36″ 18º 25′ 37″ 
Vitärt L9 <100 5 57º 51′ 90″ 18º 48′ 59″ 
Bunge L10 >100 5 57º 50′ 90″ 19º 04′ 01″ 
Fardhem L11 <50 5 57º 15′ 41″ 18º 20′ 27″ 
Gerum L12 <100 40 57º 17′ 18″ 18º 18′ 43″ 
Total 24  190   
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Population growth rate and morphological differences 

The individuals used for the demographic analyses were randomly selected in permanent 
study plots at Gerum. I used 26 early flowering individuals and 35 late flowering 
individuals. These were divided into the following stage classes; seedling, juvenile, small 
vegetative, large vegetative, small flowering and large flowering (for details, see Wallin 
2007). As the individuals had demographic data gathered over four years (2003-2006) for 
another study, I pooled this data when constructing the matrices for the two flowering 
morphs. As I did not know how the two flowering morphs looked like when not flowering, 
the vegetative stage classes in the matrix (seedling, juvenile, small vegetative, large 
vegetative) had the same transition values in both matrices. I approximated the finite 
population growth rate by calculating the dominant eigenvalue (λ1) of the resulting 
transition matrices (Caswell 2001) using Matlab v.5.2 (Math Works, South Natick, MA). 
Measurements of leaf width, fruit width and counting the number of leaves were made at 
the Gerum site in June 2006 and in October 2006. Differences between early and late 
flowering individual’s size parameters were tested using one-way analysis of variance 
(ANOVA) for leaf width, fruit width and the number of leaves respectively, using SPSS for 
Windows (Release 14.0.0.(5 Sep 2005)).    
 

Genetic diversity 

Leaf material was collected from 12 early flowering populations in the beginning of July 
2006 and 12 late flowering populations in the beginning of October 2006 (figure 1 and table 
1). Leaves were collected from 5 individuals at all population sites except at Gerum, where 
leaves were collected from 40 individuals from early and late flowering individuals, 
respectively. In total 95 early and 95 late flowering individuals were collected. The leaf 
samples were immediately dried in silica gel in 2 ml Eppendorf tubes (Chase & Hills 1991). 
 

 

Figure 1. Geographic location of hay meadows used in the study of Succisa pratensis at the 
Baltic island of Gotland, Sweden.   
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Extraction of DNA was made by using Plant Genomic DNA Extraction Miniprep System 
from Viogene (CA, U.S.A.) in accordance to the manufacturer’s protocol with small 
modifications; leaf (~20 mg/leaf) material was ground with a pestle fastened to an electric 
screw driver in 1.5 ml Eppendorf tubes together with 100 µl of PX1 Buffer. 300 µl of PX1 
Buffer was then added to the tube. In the last step the DNA was eluted two times with 100 
µl ddH2O instead of one time with 200 µl ddH2O.  
 
Estimation of genetic diversity was done by using the Amplified Fragment Length 
Polymorphism (AFLP) method (table 2). The protocol by Vos et al. (1995) was applied 
with small modifications used in Bensch et al. (2002) and the use of 0.5 µM of each E- and 
M-primer (MWG Biotech) in the selective amplification step. Further E-primer, 5’-labeled 
with FAM (MWG Biotech) was used in the selective amplification step.  
 

Table 2. Used enzymes and primers in the four AFLP steps ran on extracted DNA from 95 early and  
95 late flowering specimens of Succisa pratensis. 

 

Step Enzyme EcoRI primer 
(MWG Biotech) 

MseI primer 
(MWG Biotech) 

Digestion EcoRI and TruI 
(MBI Fermentas) 

- - 

Ligation T4 DNA ligase 
(Roche 
Diagnostics) 

- - 

Pre- 
amplification 

Taq polymerase 
(Applied 
Biosystems) 

Ea  
(5’-GACTGCGTACCAATTCA-3’) 

Mc 
(5’-GATGAGTCCTGAGTAAC-3’) 

Selective 
amplification 

Taq polymerase 
(Applied 
Biosystems) 

Primer Pair 1:     
Eacg (FAM) 
(5’-GACTGCGTACCAATTCACG-3’) 
 
Primer Pair 2: 
Eacg (FAM) 
(5’-GACTGCGTACCAATTCACG-3’) 

 
Mcac 
(5’-GATGAGTCCTGAGTAACAC-3’) 
 
Mccc 
(5’-GATGAGTCCTGAGTAACCC-3’) 

 

To test which primers to be used in the selective amplification step, seven random samples 
from the pre-amplification step were run with three different primer pairs; Eacg/Mcac, 
Eacg/Mccc and Eaca/Mcgt (Smulders et al. 2000) and then loaded on a 6% polyacrylamide 
gel (SequaGel-6, National Diagnostics) to be scored. Eacg/Mcac and Eacg/Mccc primer 
pairs were the combinations that gave the most visible and sharp marker patterns and were 
chosen to be used for all samples (table 2). Using these two primer combinations, resulting 
PCR products were separated by capillary electrophoresis on an ABI Prism 3700 DNA 
Analyzer (ABI, Applera Cooperation ) at Uppsala Genome Center (Dept. of Genetics and 
Pathology).   
 

Genetic statistical analysis 

The AFLP data were first ran on the GeneScan software (ABI, Applera Cooperation) and 
then imported to GeneMapper software v4.0 (Applied Biosystems) for analysis of the 
alleles. The analysis parameters were set as the default settings for AFLP data 
(Karudapuram & Larson 2005) with the modifications of; analysis range – 100-500 bps, 
peak detection (threshold for allele calling) – 150 rfu and bin width – 1.5 bp. The bands 
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were scored as either present (1) or absent (0). A total of 436 polymorphic bands, 236 from 
primer pair 1 and 200 from primer pair 2, were obtained. Due to that most of the editing 
computer programs such as Excel (Microsoft), can only handle up to 256 columns, all the 
calculations were made separately for each primer pair as not to reduce the amount of 
information.  
 
Average heterozygosity within populations, Nei’s H (Nei 1978), differentiation between 
early and late populations and between all populations (FST) together with genetic distances 
based on Nei’s (1978) unbiased distance values were calculated in the shareware program 
TFPGA (Tools for Population Genetic Analysis) v1.3 (Miller 1997). The assumption of the 
Hardy-Weinberg genotypic proportion was made since the AFLP method produces 
dominant markers. Allele frequencies were estimated on the basis of Lynch and Milligan’s 
(1994) Taylor expansion estimate and were rounded to exactly match observed samples. All 
further statistical analyses described below were performed in the R package for Multiple 
Analysis v4.0.1 (R Development Core Team 2006) added with the Vegan package v1.8-5 
(Oksanen et al. 2007) and the package MASS (Venables & Ripley 2002). To assess the 
significance of different flowering time, a constrained principal coordinate analysis 
(cPCoA) was made based on a distance matrix of Nei´s (1978) unbiased H together with the 
constraining terms of flowering time. The geographical factor was accounted for (i.e. the 
sampling sites might not be evenly spread geographically and therefore impact the result). 
Isolation by distance (i.e. correlation between genetic and geographic distances) were tested 
using a Mantel test (Mantel 1967) and was made for each primer pair (Kolseth et al. 2005).  
 

Genetic and demographic correlation analysis 

To integrate the genetic and demographic data a minimal adequate model (Crawley 2002) 
was created by first running a stepwise Akaike Information Criterion (stepAIC) and then a 
drop term (separation of data for each primer pair). The stepAIC was computed with 50 
alleles at a time. The number of alleles was determined so that the degrees of freedom (df) 
stayed over 30 in the residual standard error. The resulting alleles were then put into a more 
sensitive test, the drop term, where the least significant allele (the least explanatory factor) 
was step wise eliminated/dropped. The end result was obtained when all variables left in the 
model were significant (i.e. p <0.05). The results from each set of alleles were then run 
combined to obtain a result for the whole dataset (Gustafsson & Lönn 2003; Lönn et al. 
2006; Prentice et al. 2006).   
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Results 

Population growth rates and morphological differences 

The population growth rates (λ), of the early and late flowering populations of Succisa 
pratensis at the Gerum site did slightly differ; 0.9018 respectively 0.8900. There were 
significant differences between early and late flowering morphs in number of leaves, in fruit 
width and moderate significance in the difference of leaf width (figure 2).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genetic diversity 

Nei’s (1978) average unbiased heterozygosity within populations ranged from 0.1431-
0.2169 (primer pair 1) and 0.1454-0.2487 (primer pair 2). Within early flowering 
populations the values were 0.2141 (primer pair 1) and 0.2191 (primer pair 2), within late 

Figure 2. The mean of number of leaves (A) (ANOVA, F1,59=28.89, p<0.0001), leaf width (B) (ANOVA, 
F1,59=5.62, p=0.021) and fruit width (C) (ANOVA, F1,16=19.81, p<0.001) between early and late flowering 
Succisa pratensis from Gerum site at the Baltic island of Gotland, Sweden. Error bars show +1 S.E. 
Significance codes: *=p<0.05, **=p<0.01, ***=p<0.001.  
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flowering populations 0.2165 (primer pair 1) and 0.2173 (primer pair 2) and over all 
populations 0.2217 (primer pair 1) and 0.2223 (primer pair 2) (table 3).  
 

Table 3. Nei’s (1978) unbiased heterozygosity values and the number of private bands obtained from AFLP 
data from each primer pair of Succisa pratensis from the Baltic island of Gotland, Sweden.  
 

Primer pair 1   Primer pair 2   
 
 
Within population 

Average 
heterozygosity 

 
No of private 
bands 
 

 
Average 
heterozygosity 
 

No of private 
bands 

Over all 0.2217 - 0.2223 - 
Early flowerings 0.2191 - 0.2141 - 
Late flowerings 0.2165 - 0.2173 - 
E1 0.2169 0 0.1454 1 
E2 0.1660 4 0.1464 0 
E3 0.1556 0 0.1819 0 
E4 0.2103 0 0.2119 2 
E5 0.1967 1 0.1937 0 
E6 0.1575 0 0.1583 0 
E7 0.1803 0 0.1910 1 
E8 0.1793 1 0.2227 1 
E9 0.1823 0 0.2051 0 
E10 0.1642 2 0.1806 0 
E11 0.1657 0 0.1762 0 
E12 0.2009 0 0.1563 0 
L1 0.1738 0 0.1578 1 
L2 0.1920 0 0.1826 0 
L3 0.1495 0 0.1640 0 
L4 0.1555 0 0.1472 1 
L5 0.1444 1 0.1884 0 
L6 0.1755 2 0.182 2 
L7 0.1986 0 0.1593 0 
L8 0.1431 0 0.1784 1 
L9 0.1821 1 0.2487 10 
L10 0.1846 0 0.1624 0 
L11 0.1597 0 0.1798 0 
L12 0.2113 2 0.2000 1 
 

 

Estimates of FST values between early and late flowering populations were similar for both 
primer pairs; 0.0252 for primer pair 1 and 0.0240 for primer pair 2. Between all populations 
FST values for primer pair 1 was 0.2390 and for primer pair 2 it was 0.2240 (table 4).  
 
 
Table 4. Over all and between early and late flowering populations of Succisa pratensis on the Baltic island of 
Gotland, Sweden, FST values (1,000 bootstraps over loci) for primer pair 1 and primer pair 2.  

 
FST  

Comparison Primer 
pair 1 

Primer 
pair 2 

Between early- and late flowering 0.0252 0.0240 
Between all populations 0.2390 0.2240 

The genetic distances did correlate significantly with the corresponding geographical 
distances for both primer pairs; r primer pair1=0.3503, P primer pair1=0.002 and r primer pair2=0.4503, 
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P primer pair2< 0.001 (Mantel test based on Pearson's product-moment correlation with 1,000 
permutations). The cPCoA of early and late morphs on genetic distances showed no 
significant difference for either of the primer pairs; primer pair 1; F1, 19=1.35, P=0.21 and 
primer pair 2; F1, 19=1.27, P=0.29 (figure 3).            
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genetic and demographic correlation 

The integrating minimal adequate model between the genetic and the demographic data 
showed that several significant alleles correlated to the three varieties of leaf width, number 
of leaves and fruit width (table 5).  

 
 

Figure 3. Constrained principal coordinate analysis (cPCoA) of individuals of early and late flowering Succisa 
pratensis on the Baltic island of Gotland, Sweden, based on Nei’s (1978) unbiased distance matrices from AFLP 
markers. A) The plot obtained from primer pair 1 and B) The plot obtained from primer pair 2.  

A)  

 

B)  



12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion and conclusions 

The early and late flowering morphs of Succisa pratensis showed significant differences in 
number of leaves, leaf widths and fruit widths. The early flowering morph’s slightly higher 
population growth rate (λ) can be the effect from a higher fruit production (as a 
consequence of a larger fruit width) due to the energy that the wider, but fewer, leaves 
provide compared to the late flowering morph. The late flowering morphs presumably are 
in another phenological period in July when the measurements were recorded (with the 
plants still growing leaves to get energy to produce flowers). This indicates that the early 
flowering morphs are better adjusted to the disturbance regimes in wooded hay meadows 
than the late flowering morphs. Further, a fixed small difference in λ over a longer time 
period can mean that the late flowering morph might cease to exist in habitats like managed 
hay meadows (Ollerton 2005). Since reproductive isolation is one of the first phases of 
speciation, the early flowering morphs could be on the path to form a new species (Ollerton 
2005; Roux et al. 2006).  
 
Evidence of a genetic basis of differentiation in flowering time has been described for a 
number of plant species (Hauser & Weidema 2000; Gustafsson & Lönn 2003). On the 
contrary, others have shown little or no genetic variation between early and late flowering 
plant species (Tali et al. 2006). I did not detect any significance in the genetic difference 
between early and late flowering populations of S. pratensis. This suggests that the 

B) A) 

Allele no   
Primer pair 2 Leaf 

width 
No of 
leaves 

Fruit 
width 

 8** 66** 106*** 
 10* 67** 119** 
 12*** 72*** 146** 
 13* 75*** 159*** 
 21* 83*  
 24* 93*  
 25*** 102***  
 28* 109*  
 33*** 112***  
 37*** 113***  
 41** 120***  
 112* 122**  
 121* 126***  
 122* 128*  
  132**  
  138***  
  178**  
  199*  

 

Allele no   
Primer pair 1 Leaf 

width 
No of 
leaves 

Fruit 
width 

 81** 26* 10* 
 99*** 51*** 35** 
 111* 53* 136* 
 144* 54** 150** 
 155* 55** 153** 
 178* 58* 159** 
 217*** 73** 163** 
 219*** 81**  
 229*** 82**  
  185**  
  223*  
 

Table 5. Significant alleles of Succisa pratensis from minimal adequate models with stepAIC and drop 
term based on genetic data from AFLP and demographic data of leaf width, no of leaves and fruit width. 
on A) calculations from primer pair 1 and B) calculations from primer pair 2. Significance codes; 0 '***' 
0.001 '**' 0.01 '*' 0.05. 
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differences are more likely caused by selection pressure by management than by genetic 
drift (Hooftman et al. 2003). Mildén et al. (2006) has observed that S. pratensis is able to 
re-sprout after mowing, which if accurate at the Gotland sites, might explain the small 
genetic differences.  
 
The genetic variation (FST) was larger between subpopulations than between the early and 
late flowering populations. The difference between populations could not be explained by 
flowering time indicating, together with the significant correlation between geographic and 
genetic distances, that the results reflect a geographical variation rather than genetic (Pluess 
& Stöcklin 2004). Another argument for the geographic impact on the differences is that 
when the geographic factor is not accounted for in the cPcoA, the results revealed a 
significant separation between the early and late flowering morphs (data not shown). 
Possibly I could have avoided the geographical contribution to override the genetic 
differentiation between the flowering morphs by sampling more early flowering individuals 
from the north of Gotland.  
 

Demographic and genetic approaches in plant conservation 

In this study I have shown there is a connection between three different demographic traits 
and genetic data obtained from AFLP, even though there is no apparent genetic separation 
between the two flowering morphs, investigated demographic characteristics does have a 
genetic component that selection can act upon. To understand more about how genetic and 
demographic measurements can be used together, larger studies of this kind are suggested. I 
could find co-occurring morphs only at three sites (Anga, Fardhem and Gerum). It is of 
course not possible to conclude that these three sites are the only ones with both morphs on 
Gotland, but in a larger study it would be interesting to examine to what extent Succisa 
pratensis is re-sprouting (i.e. if the same individuals are capable of flowering before and 
after mowing) and to combine demographic data containing measurements of all 
individuals that are genetically analyzed, including comparisons of managed  with non-
managed sites.  
 
The integration of demographic and genetic studies has been suggested to form a more 
complete picture of speciation, management issues, extinction risks and other ecological 
and evolutionary consequences (Lande 1988; Oostermeijer et al. 2003; Ollerton 2005; Lee 
& Mitchell-Olds 2006; Allendorf & Luikart 2007). To make it possible or at least easier to 
integrate ecological and genetic research datasets, more developed statistical analysis 
methods are needed (Ouborg & Vriezen 2007). Ollerton (2005) described that the 
timescales of speciation are too long for a study within the lifespan of a single research 
project. The impact of climate change is one of the bigger challenges in future speciation 
studies, of which flowering time is going to be one of the adjusting traits in many plant 
species (Ollerton 2005; Levin 2006).  
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