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Plant flowers show a great variation in colours, shapes, sizes and fragrances. These characters 

have been interpreted as adaptations that attracts specific pollinators (Fægri & van der Pijl, 

1980). However, there are increasing evidence that pollinator behaviour might not be directly 

involved in the maintenance of colour polymorphism (Jones & Reithel, 2001; Morgan & 

Schoen, 1997; Schemske & Bierzychudek, 2001). 

In general orchids depend upon insects or rarely birds for pollination, and offer their visitors 

different kinds of rewards like oil, floral fragrances and, most frequently, floral nectar 

(Arditti, 1992; Dressler, 1993; van der Cingel, 1995; van der Pijl & Dodson, 1966). Some 

taxa do not offer reward to their pollinators, but lure insects by mimicking a food model 

blooming at the same time (Dafni, 1984, 1986; Johnson, 2000) or by displaying attractive 

flowers. Generalized food mimics often bloom in dense populations, early in the season, and 

are polymorphic, for example in corolla colour (Nilsson, 1992). 

It has been suggested that the high levels of intraspecific floral diversity observed in some 

species of orchids may be related to their deceptive system of pollination in which orchids 

offer no rewards to their pollinators, nor mimic any specific rewarding-producing species 

(Ackerman & Galarzaperez, 1991; Dafni, 1984; Heinrich, 1975; Nilsson, 1980). The early 

blooming and the display of polymorphic deceptive flowers may increase their ability to 

attract naive pollinators. It has been hypothesised that the ability to deceive is increased by 



this variability in colour, because it takes pollinators longer to discriminate the morphs, and 

thus they make more mistakes in avoiding the species (Heinrich, 1975; Petterson & Nilsson, 

1983). 

Rewardless orchids seems to be pollinated by naive insects in Europe, mainly bumblebee 

queens (Kropf & Renner, 2005; Nilsson, 1980). Because of its prominent floral morphology 

and excretion of highly fragrant terpenes bumblebees are tricked a couple of times before they 

learn (Nordal & Wischmann, 1987).  Bumblebees tend to switch between colour morphs 

when not rewarded with nectar. This behaviour results in overvisiting of rare colour morphs 

(Smithson & Macnair, 1997). 

D. sambucina is a common rewardless European terrestrial orchid with a boreal-alpine 

distribution (Tutin et al., 1980), and normally this species prefers rich soils (pH<5.0), but may 

also grow on dry, acidic, and nutrient-poor siliceous soils as long as the meadows are open 

with a lot of light (Kropf & Renner, 2005). D. sambucina is generally diploid with 2n = 40 

(exceptionally 2n = 42) chromosomes (Pedersen, 2006).  The Norwegian populations 

represent the outermost northwest area of distribution, and studies here conclude that D. 

sambucina demands moderately nutrient soils, and is definitely not a calcium demanding 

species (Nordal & Wischmann, 1987). D. sambucina is blooming in the middle of May and 

early June in Norwegian populations (Nordal & Wischmann, 1987).  This early in the season 

the conditions for the plants are wet from snowmelt in the mountains, but still fairly hot and 

much light where D. sambucina grow (Norderhaug, Bakkevik, & Skogen, 1997).  D. 

sambucina has a symbiotic relationship with fungus. One of these fungus are Rhizotonia sp. 

(Marchisio, Berta, Fontana, & Mannina, 1985). 

Studies of D. sambucina reveals that the yellow colour morph attracts more pollinators (a 

higher male reproduction success - RS) than red and pink morphs, and that the pink colour 

morph makes less viable seeds (lower female RS) than yellow and red morphs , but fails to 

show a significant difference in both male and female RS for all colour morphs (Pellegrino, 

Bellusci, & Musacchio, 2005). Pellegrino's studies shows a post-pollination barrier in D. 

sambucina, but the involvement of pollinators are not sufficient to explain the maintenance of 

colour polymorphism in this species and the loss of a morph could be entirely due to genetic 

drift in small populations (Kropf & Renner, 2005; Smithson, Juillet, Macnair, & Gigord, 

2007). 



(Gigord, Macnair, & Smithson, 2001) found the highest pollinia export, receipt, and fruit set 

in mixed populations, and that negative frequency-dependent selection might be a mechanism 

that maintains colour polymorphism in D. sambucina. Pellegrino, Caimi, Noce, & Musacchio 

(2005) found opposing results indicating that the contribution to the total reproductive success 

deriving from the two colour morphs does not conform with the predictions of negative-

dependent selection. Only individual plant height and population density had a positive effect 

on pollen export, and pollination experiments confirm that D. sambucina is non-

agamospermous, incapable of automatic selfing, self-compatible, and pollinator-limited 

(Kropf & Renner, 2005). The mean frequency of yellow-flowered D. sambucina across 

natural populations in Europe is 53% ± 2.6 (n = 174), and the two colour morphs are identical 

for floral scent (Nilsson, 1980).  

Tamm (1972) found that D. sambucina individuals grow very old and have some vegetative 

reproducibility, and is reproducing and maintained just to a small degree by seeds. Drainage 

conditions may be vital for the species (Mattiasson, 1986), and it also seems that trampling 

and summer drought favours D. sambucina to re-establish and maintain viable populations 

(Pettersson, 1958).  

Reproductive success of food-deceptive orchids may be affected by interactions with co-

flowering rewarding species (Pellegrino, Bellusci, & Musacchio, 2008). An important co-

flowering nectar provider for D. sambucina in West German populations is the purple 

Lamium purpureum (Kropf & Renner, 2005).  We do not find many purple flowers this early 

in the summer in Norwegian populations, and L. purpureum is not common in the area where 

D. sambucina grow. Instead there are mostly yellow and blue coloured co-flowering species, 

and very few purple ones (Norderhaug et al., 1997). This early in the season when D. 

sambucina is blooming (May), they have few co-flowering species at all in their open and dry 

patches where they grow in Norway (pers. obsv.).  

In western part of Germany (Kropf & Renner, 2005) and in Norway there are populations of 

exclusively monochrome yellow coloured D. sambucina (Lid & Lid, 2007). In Norway the 

red morph is totally lacking and its closest dimorphic populations are found on the east coast 

of Sweden (Lid & Lid, 2007). 

This study aims to find causes for lack of flower colour polymorphism in Norwegian D. 

sambucina populations by studying DNA for the expressed colour and how they interact with 



the fitness of the Norwegian yellow colour-morph of this species (Gaskett, 2011). To assess 

these questions I have tested three hypothesis: 

1.   The allele coding for red colour is missing or silenced in the Norwegian D. sambucina 

populations. 

2.   D. sambucina seed production depends on co-flowering colourmorphs of other 

species.  

3.  Population density variations cause differences in seed production rates in Norwegian 

D. sambucina populations.   

Revealing more knowledge of colour morphology through DNA and function of density, co-

flowering colourmorphs, fitness, and frequency-dependent reproduction success in this 

species might give new information in how to maintain and monitor this species for future 

survival in their natural habitat in Norway.  

 

In May 2012, four populations of D. sambucina were sampled in Telemark, Norway. In May 

2013, one population was sampled at Stora Karlsö on the island of Gotland in Sweden and 

one population was sampled in the Sila Mountains in Italy. 

Protected species. Permit obtained from Direktoratet for Naturforvaltning. 

Hjartdal - Bøllås, elevation 550-575 m (>1000 individuals distributed over an area of 400 m2):     

N 6623677 / E 138796 (UTM 33 N).      

Seljord - Blika, elevation 550-600 m (>1000 individuals distributed over of 400 m2):                         

N 6623566 / E 136923 (UTM 33 N).   

Seljord - Brekkegrend, elevation 400-425 m (>1000 individuals distributed over 300 m2):         

N 6606179 / E 153048 (UTM 33 N). 

Tokke - Eidsborg, elevation 450-500 m (>1000 individuals distributed over 200 m2):                                        

N 6611364 / E 104179 (UTM 33 N). 



All Norwegian locations were former pasture fields and abandoned for the last two decades, 

but still the grass is cut and removed to manage and maintain the cultural diversity of plants in 

the field. All locations are mainly slopes facing south-southwest. 

The bedrock at the study sites in Norway consisted of gneisses and quartzite, impermeable 

hard bedrocks, with strands of amphibolite, rhyolite and feldspar that give a slightly 

calcareous soil (pH 4.4 - 6.0). The four populations of D. sambucina were studied between 

April and June 2012, and between May and July 2013. 

 

Protected species. Permit obtained from Länsstyrelsen Gotlands Län. 

Stora Karlsö  Gotland, elevation 30  40 m (>1000 individuals distributed over an area of 

500 m2): N 6352776 / E 679689 (UTM 33 N). 

The location were mainly on sheep pasture and a gentle slope slightly facing south  

southeast, but otherwise relatively flat terrain.  

The bedrock at the Swedish site was mainly calcareous consisting of fossil coral reef. 

 

Species categorized as least concern (LC) on the 2011-2014 IUCN Red List in Europe and 

thus not protected in Italy other than in certain protected areas. 

Centro sci di fondo  Silvana Mansio  Consenza, elevation 1450  1470 m 

(>1000 individuals distributed over an area of 500 m2): N 4349283 / E 632511 (UTM 33 N). 

The location was on pastureland and on a gentle slope slightly facing north but in otherwise 

relatively flat terrain. 

The bedrock in Sila Grande, Italy consisted mainly of limestone.  

All samples were randomly chosen for each population at the sites described. Sites and 

populations were chosen to secure a large number of individuals in each population to retrieve 

random samples. 

 



To measure the inter- and intra-genetic variation and phylogenetic relationships, a total of 210 

samples consisting of about one cm2 tissue from young leaves were collected in Norway, 80 

samples in Sweden, and 60 samples in Italy, and put into plastic bags with silica gel for drying 

(Hedren, Fay, & Chase, 2001). First 10 preliminary samples were sent for AFLP analysis in 

September 2012 and later 200 samples including five repeats were sent in September 2013, all 

samples sent to Ecogenics in Zurich-Schlieren, Switzerland  This lab also did DNA extraction.

Genomic DNA was digested with the restriction enzymes EcoRI and MseI and ligated with 

restriction-site specific adaptors to allow subsequent PCR amplification of a subset of 

fragments with selective primers, binding partially to the adaptor and partially within the 

restriction fragment. In a second round of PCR amplification with more selective primer 

combinations, EcoRI site-specific primers labelled with a fluorophore were used. Generated 

PCR fragments were separated by capillary electrophoresis (CE) on an Applied Biosystems 

3730 DNA Analyser. 

To find the proportions of the different colour morphs in each population at the sites in 

Sweden and Italy, a flower colour-scoring model was constructed, and 60 individual plants 

from Stora Karlsö and 51 individual plants from Silvana Mansio were scored for their colour 

gradients. The model were constructed to group the different colourmorphs into separate 

colour classes by combining code letters for each colour grouping part of the flower. 

Flower model of D. sambucina. 

 Positions: 

1. Tepals 

2. Column and upper labellum 

3. Lower labellum 

Colour codes 

y = yellow, n = pink, r = red, l = purple  

Figure 1.  Flower model of D. sambucina. 



The observation of potential pollinators of D. sambucina was done throughout all fieldwork at 

all sites, and documented by using a Panasonic Lumix DMC-TZ30 pocket camera. Video 

recording by the use of two GoPro Hero 3 cameras, one of model white and one of model 

silver, on tripods were done in June 2013 for documenting all species in the field plots, and 

possibly detecting actions of potential pollinators in Norway only. 

 

To investigate if frequencies of D. sambucina or co-flowering species of certain colours 

influenced the reproduction of the orchids a field experiment was performed. Three 

Norwegian populations in Telemark were studied in June 2013 for this purpose, and revisited 

in July the same year to register and collect seed capsules. These studies were performed at 

Bøllås in the municipality of Hjartdal, at Blika in Svartdal and at Todalen in Brekkegrend, the 

latter two located in the municipality of Seljord. The experimental design included in total 90 

one by one meter square plots randomly chosen in each population, 30 at each of the 

locations. Photos were taken of all plots for control of the inventories. The inventories of the 

three locations were listed in an excel sheet. Frequencies of D. sambucina and co-flowering 

species were also listed in excel sheets for each location. 

 

Orchid seeds germinate in nature under suitable conditions with the assistance of specific 

fungi (Rasmussen, Andersen, & Johansen, 1990). The natural symbiotic fungi serve at least 

two functions. 1) Support necessary nutrients to the embryo at germination stage 2) Kills off 

any other fungi or organisms that will harm the seeds germinating.  

Germinating orchid seeds in vitro in the lab can be done for certain orchid species by 

mimicking natural conditions by making an agar with all ideal nutrients in the correct 

amounts. The difficulty using the symbiotic fungi in the lab can be substituted by sterile 



conditions. Under such conditions, most orchid seeds will germinate successfully without its 

natural symbiotic fungi. 

The Orchimax agar is a nutrient rich media used for several orchid genera, and is suitable for 

most Dactylorhiza species. Orchimax contains all macro- and micro-nutrients in ideal 

amounts as well as activated charcoal to stabilize pH and the necessary nitrogen source 

needed. Without any additives the ready blended agar will have the ideal pH of 5.8 -6.2. 

Seeds are applied on top of the agar and the semi-solid agar makes support for the roots of the 

germinating embryos. 

Seed sampling were done in Telemark, Norway in July 2013 at the same plots and 

populations as investigated for colour studies in June to investigate reproduction of D. 

sambucina. Numbers of seed capsules for each individual for each plot at the three locations 

in Telemark were noted in excel sheets. Seed sampling were also done at Stora Karlsö, 

Sweden in July and seeds from Sila Grande, Italy was provided by Guiseppe Pellegrino at the 

Unical University of Rende, Calabria, in Italy and sent by mail the same week as sampled. 

Germination tests were done ex situ at the INA ecology lab at UMB ÅS, Norway following an 

in vitro protocol I made for making agar out of an Orchimax Orchid maintenance medium 

(Duchefa catalogue 2010  2012).  The germination protocol for photoperiods follows 

(Rasmussen H., 1990).  

 

 

1. Weigh out the following into a 1L Erlenmeyer flask:  5.5g Plant agar, 27.8g Orchimax from 

Duchefa, and (dH2O) to 1000mL. 

Note: If your laboratory has pre-mixed Orchimax agar powder, use the suggested 

amount instead of the other dry ingredients above.  

2. Swirl to mix, the contents do not have to be completely in solution, but any powder left on 

the sides of the flask will caramelize on the glass during autoclaving. 

3. Cover the top of the flask with aluminium foil and label with autoclave tape.  



4. Autoclave the liquid for 20 minutes or according to your autoclave's specifications. 

5. After removing the solution from the autoclave, allow the agar solution to cool to 55°C.  

Note: This can be done by placing the flask in a 55°C oven or water bath, as this will 

hold the temperature, and it can be left unattended for some time. 

6. When pouring plates, keep your bench area sterile by working near a flame or Bunsen 

burner.  

7. Pour ~20mL of Orchimax agar per 10cm polystyrene Petri dish. 

Note: Pour slowly from the flask into the centre of the petri dish. When the agar has 

spread to cover about 2/3 of the dish stop pouring and the agar should spread to cover 

the entire plate. You may need to tilt the plate slightly to get the agar to spread out 

completely. If you pour in too much, the plate will be fine, but it will reduce the 

number of plates you can make per batch. 

Note: If bubbles are introduced during the pouring, these can be removed by quickly 

passing the flame of an inverted Bunsen burner over the surface of the plate. Be 

careful, if you leave the flame too long, it will melt the petri dish.  

9. Place the lids on the plates and allow them to cool for 30-60 minutes (until solidified) then 

invert the plates. Let sit for several more hours or overnight.  

10. Label the bottom of plates with antibiotic and date and store in plastic bags or sealed with 

para-film at 4°C.  

For sowing, and germination of D. sambucina in germination chamber, I used a protocol 

based on germination of D. majalis by (Rasmussen H., 1990). 

  



Before sowing, the seeds need a treatment to sterilize and disturb the surface enough to 

germinate. 

1. Crack the seed capsule open using a tweezer into a small strainer (a tea strainer 

will do) over a small glass beaker (50 ml). 

2. Sterilize the seeds by pouring 5 ml NaOCl 10 % into the beaker, cover with a lid 

and shake the beaker to rinse the seeds. 

3. Filter the seeds on a water resistant filter in a glass funnel into a sterilized beaker. 

4. Filter once again using ddH2O to rinse the seeds for NaOCl. 

5. Rub the filter gently on to the agar surface of the petri dish. 

6. Cover the petri dish with a lid and wrap with plastic foil (para-film). 

7. Keep the petri dishes in a germinating chamber at room temperature using the 

following protocol for germinating D. majalis seeds. The seeds should germinate 

within 2 months. 

Perform prickling and sow into perlite/seramis. 

 

1. Put all petri dishes on racks and place the racks into slots in the germinating 

chamber. 

2. Start the incubation by programing the chambers software to 6 days of constant 

darkness at optimum temperature of 20°C with following interruption of two 

consecutive photoperiods before day 8 and not later. 

3. Start 14 days of 16h photoperiods on day 7 using intensity 4 (corresponds to ca. 11 

W ) at 24°C, ending on day 21. 

The seeds were considered to have germinated if the testa was ruptured and/or if 

rhizoids had developed (Rasmussen H., 1990).



The preliminary test results based on ten tissue samples (Table 2) collected at the three 

locations in Norway in June 2012 were done at the Ecogenics laboratory in Switzerland. 

Further analyses of these results revealed that some primer combinations (Table 1) produced 

too little information of interest and were discarded before the main lot of 200 samples were 

analysed in 2013 at the same laboratory in Switzerland. 

Table 1. Primer combinations showing number of bands found for each combination.

 
 
 
 
 
 
 
 

 
Table 2. Names of preliminary genomic samples identifying origin. Red samples are D. 
fuchsii, the rest are yellow D. sambucina samples. 

 

 

 

 

 

 

 

 

Eight D. sambucina (two from each location) and two D. fuchsii (mixed into a large D. 

sambucina population) were analysed with 24 AFLP primer combinations for finding the 



 (Tables 1  2). These preliminary data were analysed with 

GenAlEx (Tutorial A. see appendix) generating a PCoA  (Figure 2), 

SplitsTree4 (Tutorial B. see appendix) constructing a Neighbour-Join  

(Figure 3), and Structure (not shown). 

 

Figure 2. 

Figure 3. Neighbour-  



The preliminary results does not show a clear differentiation of D. fuchsii from D. sambucina 

as one of the yellow orchids from Blika interfere the expected results (Figure 2 - 3).  

 

Table 3. Tissue samples and IDs from seven populations in Norway, Sweden and Italy.



These preliminary data was supposed to be extended by including seven populations each 

represented by 40 lines and typical unrelated D. fuchsii controls (Table 3). These laboratory 

results failed to be reproduced at the Ecogenics laboratory in Switzerland in 2013 (Table 7). 

Table 4. Enzymes and primer names with sequences used for AFLP tests of the 200 tissue 

samples from all sites in Norway, Sweden and Italy in June 2013. 

 

Table 5. The primer combinations used for the DNA analyses of the 200 tissue samples from 

all sites and locations in June 2013, showing potential interesting information. 

 

To find the primer combinations that worked for D. sambucina, the results of the analyses 
were scored for significant differences in band signals between the red D. fuchsii and the 
yellow D. sambucina morphs. Out of the 24 primer combinations (Table 1) in the preliminary 
analyses in 2012, eight primer combinations (Tables 4 - 5) were found useful with some 
distinguishable information, and these were used for analysing the main lot of 200 samples 
sent to the Ecogenics laboratory in 2013, the rest failed to elicit any information of interest. 



Further analyses of the results from the main 200 DNA-samples from the external laboratory 
in 2013 showed that six out of the eight primer combinations produced some potential 
interesting information (Table 6).  

 

Table 6. Bands per primer set expressing genetic information out of 200 samples. 

              

    

    

  BAND DISTANCE   

  PRIMERSET 3 bps 2bps 1bps 0bps (All included) 

  E33 M49 6 10 64 350   

  E33 M50 1 5 37 502   

  E33 M48 1 7 58 492   

  E37 M49 3 15 56 419   

  E37 M50 0 4 48 421   

  E37 M47 3 4 21 562   

    

    

              

Using the chosen primers (Table 6), all labelled tissue were extracted and analysed at the 

Eurogenics laboratory in Switzerland. The analysis this laboratory returned generated a lot of 

information, but produced inconsistent data when comparing control repeats with their 

identical originals (Table 7). 

Table 7. Ten control repeats out of 200 samples sent for DNA analysis at Eurogenics.

Control repeats

196 = 69

Run1_Ds069.fsa 0$0 1$5354 1$10346 0$0 1$1006 0$0 0$0 0$0 1$4935

Run1_Ds196.fsa 1$1851 1$1135 1$4950 0$0 1$2439 0$0 1$6058 1$2009 1$1098

197 = 113

Run1_Ds113.fsa 1$14574 0$0 1$29674 0$0 0$0 0$0 0$0 0$0 0$0

Run1_Ds197.fsa 0$0 0$0 1$6734 0$0 1$1318 0$0 0$0 1$3774 0$0

198 = 167

Run1_Ds167.fsa 0$0 0$0 1$2743 0$0 0$0 1$4694 1$6581 0$0 0$0

Run1_Ds198.fsa 1$2237 0$0 1$6886 0$0 0$0 1$1350 0$0 0$0 0$0

199 = 075

Run1_Ds075.fsa 1$4236 0$0 1$11190 1$5475 0$0 0$0 1$16042 1$10326 0$0

Run1_Ds199.fsa 1$2165 1$4854 0$0 1$1692 1$2660 1$1337 1$4981 0$0 0$0

200 = 013

Run1_Ds013.fsa 0$0 0$0 1$22432 0$0 0$0 0$0 1$5319 1$1426 0$0

Run1_Ds200.fsa 0$0 0$0 1$4128 0$0 0$0 0$0 1$8907 1$2173 0$0



 

Table 8. Colour scoring of flower D. sambucina colour at Stora Karlsö in Sweden. 

 

  



 

 

Table 9. Summary colour sampling at Stora Karlsö, Sweden. 

Yellow Yellowish pink Pink intermediates Pinkish red Red Totals 

yyy nyy ryy nyn nnn nyr nnr ryr rnr rrr All colours 

20 1 0 11 1 4 2 10 9 2 60 

33,30 % 1,67 % - 18,30 % 1,67 % 6,67 % 3,30 % 16,67 % 15 % 3,30 % 100 % 

33,30 % 1,67 % 30 % 31,67 % 3,30 % 100 % 

35 % 30 % 35 % 100 % 



Table 10. Colour scoring of flower D. sambucina colour at Sila Grande, Italy. 

Color range: 

Photo no: Colour code: 



        

Table 11. Summary colour sampling at Sila Grande, Italy. 

 

Scoring the flowers in Sweden and Italy by using the colour scoring model grouped the 

colours into five main colour classes (Tables 13  15, see appendix) where the three main 

colour classes yellow, pink and red showed more evenly distributed colour frequencies at 

Stora Karlsö in Sweden than did in Italy (Tables 8  11).  At Sila Grande in Italy, colours 

were biased towards the pink colour morph, with few red colour morphs and showing a 

different purple colour morph that was not found in Sweden. Photos below the tables show 

the colour range. 

 



The use of video by hero cameras on tripods did not produce any results. No potential 

pollinators were detected this way. I managed to take some photographs of one of the naïve 

bumblebees, B. lapidarius with three pollinia from D. sambucina attached to its clypeus, in 

action in the field at Blika, Telemark, Norway (Figures 16 - 17). 

 

During fieldwork in May, June, and July 2013 all locations in Telemark, Norway were 

examined for all plant species present at the time and registered. Photos of all plots taken 

during field examination were studied a second time during winter 2014 to verify that all 

present species were registered. The registered species were listed as a table of inventory 

(Table 12). 

Table 12. Inventory Telemark 2013. 





 

Number of co-flowering species in each of the 30 plots was registered for the three locations in 

Telemark; Bøllås, Blika and Brekke (Tables 13 - 15, see appendix), and grouped into five colour-

classes during one week in June 2013. Number of D. sambucina seed capsules were registered for the 

identical plots later in the season during one week in the middle of July 2013 (Tables 16-18, see 

appendix).  

None of the specific colour-classes in this study had any significant impact on the seed-production of 

D. sambucina. Only when the numbers of yellow colour were merged together with the numbers of D. 

sambucina a positive coherency occurred, indicating that the density of D. sambucina rather than 

colour of co-flowering species have a positive impact on seed-production of these orchids (Table 19). 

Germination experiments in vitro were a challenge to perform, and I did not succeed in germinating 

any of the D. sambucina seeds sown under sterile condition in our laboratory following the described 

protocol, at least not during the eight week timeframe I had available for a master thesis study. The 

minute seeds did not show any change even when I rechecked the petri dishes one month later. 



Table 19. Frequencies of ripe D. sambucina seed capsules and co-flowering species per colour. 

 
 
 

 
 
 

However, results had occurred as I rechecked the petri dishes in April 2015 before storing all my work 

and submitting my thesis to my supervisors. I managed to make a photo series through my stereo 

magnifier to show the process of germination of the D. sambucina seeds. The photos show seeds 

where the testa is rupturing (Figures 1-2) and rhizoids are developing at the suspensor end (Figures 3-

4). The embryos then imbibes and increases in circumference as forming protocorms (Figure 5-6), 

growing apical meristem at the chalazal end, and later forms into seedlings (Figure 7-8). 

During the preliminary fieldwork in May 2012, I found an intermixed D. fuchsii at Blika in Telemark, 

Norway (Figures 12  13). The photos show a variant with wider floral lobes, wider leaves, and a 

thicker stem than the common variant that occur in the woods later in June. 



Figures 4-11: D. sambucina seeds grown in vitro developing into protocorms and seedlings. 



          

Figure 12. D. sambucina and one of the 

intermixed D. fuchsii at Blika

Figure 13. Details from one of the intermixed 

D. fuchsii at Blika. 

Figure 14. Orchis mascula at Silvana Mansio, 

showing a bright purple colour.    

Figure 15. Details from one of the intermixed 

D. Sambucina at Silvana Mansio.

 

Figure 16. B. lapidarius with three yellow 

pollinia in the field at Blika.          

 Figure 17. Three pollinia attached to the 

clypeus of B. lapidarius. 



The obtained PCoA and Neighbour-Join (Tab. 1 and 2) from the preliminary analyses are not 

as expected when assuming a significant interspecies distinction between D. sambucina and 

D. fuchsii. We excluded technical mistakes during the sampling and the DNA analyses and 

assumed that the used D. fuchsii lines represent D. fuchsii x D. sambucina hybrids (Fig 12 - 

13). 

Taking a second look at the sampled D. fuchsii might confirm the hybrid nature, because these 

lines have thicker stems and wider leaves (Fig. 13), but that might also be an environmental 

effect due to the atypical growing conditions for D. fuchsii. This hybrid was also found at 

Bøllås in May 2009, and this is four weeks earlier than expected for D. fuchsii in its normal 

habitat. 

The DNA results of the second and main tissue analyses from the laboratory in Switzerland 

came back in November 2013, and results were further analysed with the software described 

above for the preliminary analyses. The results of this work was at first very confusing, as it 

did not make much sense. Analyses of the repeat controls revealed that the DNA analyses 

were not reproducible at the laboratory in Switzerland by comparing the repeats with their 

originals (Table 7). These comparisons showed that the expected identical pairs were far from 

identical and it was not much point in further work as we must assume the rest of the data we 

received would be just as inconsistent.  

The cause for these errors could of course be that the samples were not labelled correctly 

when sampled in the field, or the repeats were mixed by packing at our laboratory before 

transport to the external analysis laboratory. However, this work were done following detailed 

procedures in the field, brought straight to our laboratory. They were further stored in labelled 

containers, in a locked cooler at our university at NMBU - Ås, until they were controlled and 

packed under supervision by my supervisor. Therefore, we do not find it likely to have made 

errors here, as the controls were randomly chosen, labelled and packed in cooperation, rather 

than solely by the student alone. If this is the case, then the error must have occurred at the 

Eurogenics laboratory by mixing samples there, or their AFLP protocol and procedures were 

not effective enough to be reproducible as our repeats does clearly show (Table 7). 



One problem could have been that the data received from Eurogenics contained too much 

information due to not being selective enough of fragments, and not reducing the complexity 

of the banding pattern resulting in far too many bands in the PCR reactions, or in the CE 

separation of fragments. On the other hand, there would be a problem finding meaningful 

patterns if the further discarding of weak and blueprinting signalling bands were not done 

carefully enough by the student in analysing the received data. But then again such cleaning 

of data after PCR and CE will be extremely difficult if not impossible if the information 

generated are too complex. Anyway, it is not possible to make any conclusion in the study of 

mine, as the repeat controls point to the received data not being reproducible in the first place. 

Learning this, I would rather have done the DNA extraction and the PCR in our laboratory at 

the university at Ås, Norway to gain control of all processes in my study. 

The frame of this study limits and 

prevents the possibility to find causative alleles for the expressed colours in D. sambucina. 

(Hyp.1). As the DNA analyses also failed, it is not possible to reveal much more about the 

intra- and inter-specific relationship of D. sambucina and its relatives in this study.  

However, if this study had produced some sound results from the DNA analyses, it might 

have been possible to calculate and show the relationship between the different populations by 

using analysing tools like GenAlEx, SplitsTree and Structure, and to tell more about how the 

individuals of the different populations group together and how close or distant these 

populations are related. I would expect the PCoA and the Neighbour-Join to show the D. 

fuchsii individuals clearly separated from the yellow D. sambucina individuals, and that the 

populations of the D. sambucina individuals from the three Norwegian locations are 

separating from one another. Perhaps I could even see that the closest populations, Blika and 

Bøllås occur less separated then the third population at Brekke that is more distant to the 

south. Especially it would have been interesting to see how the intermixed D. fuchsii 

individual fits in a Neighbour-Join using SplitsTree, or compare how the different D. 

sambucina populations from Norway, Sweden and Italy, and their genetic structure would 

look like using Structure. I would expect the Swedish and Italian population would differ 

more from the Norwegian population than the Norwegian populations differ from one another 

in Norway. Studies of other species in the Dactylorhiza family has shown this possible by 

several different scientists (De Hert et al., 2011; Hedren et al., 2001; Paun et al., 2011; 

Sonstebo, Borgstrom, & Heun, 2007).  



The idea of D. sambucina being of dimorph character may be stringent interpreted. Looking 

closer at the colour morphs during sampling, I found intermediate coloured individuals filling 

most of the colour range between yellow and red at the locations of Stora Karlsö and Sila 

Grande (tables 8  11). In addition, I found individuals at Sila Grande with a purple colour 

character. This is not what was expected when looking for a dimorph orchid species described 

as yellow and red. 

 

The distribution of the three main colour classes yellow, pink and red at Stora Karlsö were 

divided fairly equally between the classes: yellow 35%, pink 30% and red 35% (Tab.9). 

Collecting more data might show that the colour frequencies does not differ that much 

between the locations. My dataset of 50 samples from two locations only is probably to 

minute to satisfy a representative selection of the total population. 

 

The distribution of the three main colour classes yellow, pink and red at Sila Grande were 

biased towards the pink intermediates, with very few of the red colour: yellow 29,55%, pink 

63,64% and red 6,82% (Tab.11). The purple coloured flowers here is suspected to be O. 

mascula x D. sambucina hybrids as the purple colour resembles the colour of the co-flowering 

O. mascula  (Fig.14) at the same location. One of the flowers on one of the purple D. 

sambucina was bicolored purple and yellow and could be a strange local mutation (Fig. 15).  

The selection of samples were done randomly and should produce a representative picture of 

the frequencies of colours, but the number of samples might be too small to generate a 

significant result. I think that more studies would have to be done with a larger number of 

samples and locations to make a more solid conclusion. 

 

 



 

During the preliminary studies at Blika in 2012, one of the main pollinators, B. lapidarius, 

was registered in the field. This is an interesting notation, as it has been demonstrated in 

Sweden that B. lapidarius is frequently visiting D. sambucina, and acts as one of at least two 

vital contributors to pollinating the D. sambucina populations there (Nilsson, 1980). As far as 

I know, the pollinator has not been registered in Norway before for this orchid species. It has 

been assumed the same pollinator I Norway as well and now this fact is confirmed for 

Norway too (Fig. 16 and 17). The use of video by hero cameras on tripods was no success. 

During all fieldwork in Norway in June 2013, where this method was used, the weather was 

chilly with a slight movement of wind that probably did not attract much insect activity at all. 

 

The inventory is a picture of the different plant species found in the field at the actual time 

when the field experiments were done, and does not reflect the total inventory throughout the 

whole year. However, my species lists are  similar to those obtained by Ann Norderhaug in 

1987  1995 (Norderhaug et al., 1997) at the same location. Local farmers at Bøllås and Blika 

has maintained the fields by sheep grazing and cutting grass only when reproduction of D. 

sambucina is over from July 15th each year. This has favoured D. sambucina in these fields 

and these population numbers seems to have risen in these fields and in the area below. 

The results of the field experiments does not show any coherency between D. sambucina 

reproduction and co-flowering species colour for any colour but yellow, and even this 

relationship is weak (Hyp. 2). There are not many red coloured co-flowering species in the 

Norwegian D. sambucina populations and it would be interesting to look closer to see if the 

lack of red co-flowering species have any influence on reproduction of the red D. sambucina 

morph in dimorph populations by making an experiment adding red co-flowering species.  

In addition, the results of the field experiments does not show any coherency between density 

of D. sambucina and the number of ripe seed capsules (Hyp. 3). The density of D. sambucina 

does not seem to have any effect on its reproduction and indicates that other ecological factors 



may come into play. This means that to find more answers I will need more field studies 

trying out other factors influencing reproduction of D. sambucina. 

 

 

All seeds were sown on agar in petri dishes and in sterile conditions at our laboratory at Ås, 

but none of the dishes showed any germination after 21 days in growing chambers. The 

Italian seeds were sent by mail in closed plastic tubes without preliminary drying. They 

arrived in a miserable condition; the capsules were warm, wet and contained damaging fungi. 

Unfortunately, they were probably damaged already at arrival to Norway. The petri dishes 

showed contamination of both bacteria and fungi in more than 50% of the petri dishes and 

most of the growing media was dried out when removed from the growing chamber. 

The petri dishes was re checked six weeks later and there had not been any change since the 

petri dishes was removed from thee germination chamber. The lack of germination might 

have several causes; one might be using a protocol used for D. majalis, which did not fit D. 

sambucina without further adjustments. The temperature and the light cycles might have been 

set wrongly, or the seeds used were infertile due to incompetent storage and preparation. 

There is also a possibility that the seeds needed more time hibernating, or the seeds did not 

receive the correct preparation before sowing. Finally working in sterile conditions is always 

difficult and demands laboratory training. Perhaps in the end I just lacked enough such 

experience and patience to succeed.  

Nevertheless, while clearing my office before delivering my thesis in April 2015 I found the 

box with all petri dishes that failed germinating in August and October 2013. Now, when I 

rechecked them a second time, I surprisingly found living protocorms and seedlings in several 

dishes (Fig. 8-12). I think this points to a lack of hibernating of the seeds, as they had been 

stored in total darkness and in a chilly room on the first floor at my home in Telemark. 

 

 

 



It was not possible conclude on the DNA studies due to lacking results. To get results I would 

need working data. It would have been great to do the DNA extraction and DNA analysis in 

the local laboratory instead of sending the lot to an external laboratory to gain more control of 

this part of the process to avoid errors. To do so I will have to do a new experiment once 

again. 

The colour studies indicates that colour of co-flowering species may not be significant to 

reproduction of D. sambucina, but the inflorescence size and colour densities of conspecifics 

may matter. I would like to study the relationship between Dactylorhiza orchids and their co-

flowering species closer to understand what kind of effect they might endure upon orchids in 

general. 

As there were not registered any pollinia bearing insects other than B. lapidarius at any of the 

populations studied in Norway, this could indicate B. lapidarius to be the main pollinator of 

D. sambucina in Norway too. There was little insect activity in the fields during my fieldwork 

period in Telemark so more field studies would be needed to collect sufficient data on 

pollinator behaviour and possibly find other pollinators of D. sambucina too. 

The germination experiment was not a success, but I learnt much about working under sterile 

conditions in the laboratory, and that using correct protocols is essential, especially when 

working with orchids that has proven difficult to germinate in vitro. What more learnt was 

that being patient is crucial to science and scientists finding several of the petri dishes in 

activity germinating one and a half year later.  

Finding that seeds had survived and germinated was inspiring at the end of this study, 

unfortunately just a bit too late for me to be able to analyse germination percentages before 

submitting my thesis, but I might carry on these studies some time later. It would have been 

interesting to compare the seeds germination capacity in the different populations in Norway 

and Sweden.  

I need to thank my supervisors Manfred Heun and Mikael Ohlson for patience and 

professional guidance along my master thesis work. Without their support and interest, my 

efforts would just be half the fun. 



 

Table 13 - Co-flowering species Bøllås Telemark - Excel doc. 

Table 14 - Co-flowering species Blika Telemark - Excel doc. 

Table 15 - Co-flowering species Brekke Telemark - Excel doc. 

Table 16 - Bøllås seed capsules - Excel doc. 

Table 17 - Blika seed capsules - Excel doc. 

Table 18 - Brekke seed capsules - Excel doc. 

Tutorial A. SplitsTree for dummies - Tutorial for new beginners by D. Mundal - Word doc. 

Tutorial B. GenAlEx6.5 for dummies - Tutorial for new beginners by D. Mundal - Word doc. 
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