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This I heard one day, 
listening to the casual visitors of the garden:
-That Sweet Cicely is a fern,
-Martagon Lily an orchid, and
-Dog’s Mercury a Ground-elder

Alexandra Holmgren, June 29th 2006, Hammarby

Abstract
The aim of this study was to find why the historical population of Martagon Lilies or 
Turk’s-cap Lilies Lilium martagon L. is declining at Linnaeus’s Hammarby, Uppland, 
Sweden. I initially proposed that they were subject to light-competition from Sweet 
Cicely,  Myrrhis odorata, but my preliminary study from 2005 revealed that Dog’s 
Mercury  Mercurialis perennis L. was present everywhere in the park. That species 
was thus introduced into the study as another possible competitor for the light. Since a 
large number of L. martagon exhibited shaded spots and necrosis leading to wilting, 
samples were examined for possible pathogens. The results revealed M. odorata to be 
the main competitor for light, but also that there were pathogens present in the ground 
and in leaves of  L. martagon. My studies also revealed that the lack of light in the 
shaded park affected the number of L. martagon directly by leading to fewer flowers 
on the plants. Also, I can conclude that L. martagon growth is favoured by part light, 
part shade conditions.
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Introduction

Hortus Upsaliensis
The internationally famous botanist and professor of medicine Carl Linnaeus worked 
and lived in Uppsala, Sweden. His global flora, Species Plantarum, (Linnaeus 1753) 
became the starting point of modern taxonomy. As a base for his studies he used the 
plants in Hortus Upsaliensis, the botanical garden of Uppsala. These plants eventually 
became type specimens for a large number of species. He introduced the still used 
binominal  system  for  naming  plants  and  animals,  and  the  garden  was  arranged 
following the sexual system, his revolutionary way of classifying plants. Around 1800 
the botanical  garden was moved to its  present  location,  the former Uppsala  royal 
garden. At this point most of the living Linnaean heritage was lost, as one did not 
keep  track  of  the  18th  century  plant  material.  The  old  botanical  garden  was 
reconstructed in the 1920’s, and is today known as the “Linnaeus garden”. Being a 
reconstruction, there is almost no plant material left there from the Linnaean era.

Linnaeus’s Hammarby
Linnaeus bought the estate of Hammarby in 1758 as a place where he could spend the 
summers with his family as well as tutor his students. For the botanical lectures he 
needed  a  minor  botanical  garden,  and  he  introduced  some  species  from  Hortus 
Upsaliensis. We know from historical sources that he planted specimens of Martagon 
Lily  or  Turk’s-cap  Lily  Lilium  martagon L. in  front  of  the  main  building  at 
Hammarby  in  1765 (Manktelow 2001).  The  garden  at  Hammarby  is  nowadays  a 
historical  mirror  of  the  botanical  garden in  Uppsala,  as  around 40  of  the  species 
Linnaeus  introduced  from  there  have  survived. These  populations  of  historical 
species, commonly called Linnaean species, have a historical as well as a scientific 
value. The property of Hammarby is today state-owned through the National Property 
Board,  but  managed  by  Uppsala  University  with  co-financing  from  Uppsala 
municipality. 

The park
The population of  L. martagon is mainly situated in an area called "the park". This 
used to be the Linnaeus garden at Hammarby and it stretches over the eastern part of 
the property. The garden was an open area where Linnaeus planted exotic species and 
several trees (Manktelow, 2001). After Linnaeus’s death in 1778 his widow Sara Lisa 
Linnaea tended the garden for the remainder of her life, and then it became slowly 
overgrown. Linnaeus’s  great-great-grandson Mauritz  Ridderbjelke turned the over-
grown garden into parkland, a seemingly wild, lush and romantic grove. He altered 
the structure of the area by creating new, meandering paths in the garden. The park 
became denser in trees during the 20th century. Today, most trees are approximately 
50 years or younger. 
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Fig 1, Lilium martagon in the park of Hammarby on June 29th 2006. Photograph: Alexandra Holmgren

The curator of Hammarby since 35 years, Kristofer de Korostenski, claims that the 
population of L. martagon at Hammarby is declining. He judges that is has declined 
with 75% in 25 years, more rapidly the last few years. 
During the same interval, the Linnaean species Sweet Cicely Myrrhis odorata  (L.) 
Scop. has increased in the same area (Kristofer de Korostenski, pers. comm. 2006). A 
codependence  between  these  two  species  was  proposed  by  the  curator,  a  theory 
supported by Mariette Manktelow, a scientist who has been studying the area for 30 
years (Mariette Manktelow, pers. comm. 2006). During my own pre-study I noticed 
that another Linnaean species, Dog’s Mercury Mercurialis perennis L., was abundant 
and may be involved in the competition affecting L. martagon. A similar decline of L. 
martagon is known also from other places in Sweden. Large historical populations 
have been reported to be declining for example in the two estates Eka and Husby Gård 
in Uppland, Sweden (Göran Ulväng, pers. comm. 2007). Wilting of  L. martagon at 
Hammarby  was  noted  already  by  Rutger  Sernander,  inspector  of  Hammarby  and 
professor of Botany at Uppsala University, in the 1940's (Mariette Manktelow, Karin 
Martinsson, pers. comm.).

The  purpose  of  my  study  was  to  investigate  if  light-competition  in  the  park  at 
Linnaeus’s Hammarby is a key factor behind the decline of  L. martagon and if the 
abundant  populations  of  M.  odorata and M.  perennis have  any  influence.  I 
investigated the following two hypotheses and predictions:

Hypothesis 1: The abundance of  L. martagon varies inversely with the cover of  M. 
odorata in the park. Prediction 1: Frame quadrats with high coverage of M. odorata 
will contain few L. martagon, and vice versa
 
Hypothesis 2: The abundance of  L. martagon varies inversely with the cover of  M. 
perennis in the park. Prediction 2: Frame quadrats with high coverage of M. perennis 
will contain few L. martagon, and vice versa.
Other  possible  factors  were  also  investigated  in  the  study,  such  as  reproductive 
strategies, nitrogen resources and pathogens. 
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Material and Methods

The location and abiotic factors
Linnaeus’s  Hammarby  is  located  about  15  km  SE  of  Uppsala,  in  the  parish  of 
Danmark in the county of Uppland, Sweden. The soil of the Uppsala plain consists of 
heavy, alkaline clay. Mean climate values 1961-1990 were: Yearly precipitation 600 
mm, mean cloudiness 60%, July precipitation 60 mm, August precipitation 70 mm, 
sunny days in July (cloudiness less than 25% measured three times a day) 5-6. The 
nitrogen  deposition  over  Uppsala  is  3-6  kg/ha/year  over  Picea  abies forests 
(www.sna.se)

For the purpose of this study I observed the weather conditions during the summers of 
2005-2007.

The most  common tree species  in  the park at  Hammarby is  Norway Maple  Acer 
platanoides L., a species easily dispersed. The remnant Linnaean plant species in the 
ground cover are those that flower early in spring before leafing, or those that can 
withstand shade. The most common species covering the ground of the park were M. 
perennis and  M. odorata.  The Wood meadow-grass  Poa nemoralis  L. is the most 
common graminoid.

Lilium martagon L. 
Martagon Lily, Turk's-cap Lily. Family: Liliaceae.
Lilium martagon originates from central-eastern Europe and Siberia where it grows in 
mountain forests. It prefers a certain declination and a good drainage. It is considered 
tolerant to shade (Lundquist 2005). Growth rate is slow, in its second year it has only 
up to three leaves and the plant does not flower until it is five to seven years old, 
maybe  depending  on  if  it  originated  from  a  seed  or  a  scale  from  a  bulb  (Kjell 
Lundquist, pers comm.). It reaches a height between 0.4–1.5 meter (Mossberg 2003). 
The  population  of  L.  martagon at  Hammarby  exhibits  an  unusually  high 
morphological  and genetic variation,  which is interpreted as it  being composed of 
several clones, as opposed to many other populations in Sweden (Lundquist 2005, 
Persson et al., 1998). This suggests that Linnaeus introduced specimens from more 
places than one to Hammarby. Apart from the Hortus Upsaliensis specimens planted 
in front of the main building in 1765, the species could have been introduced in 1773 
when Linnaeus made a Hortus Sibiricus at Hammarby (Manktelow 2001). Part of the 
population still grows close to the area of the Siberian garden. Johan Falck, a student 
of  Linnaeus  who  had  collected  part  of  the  plant  material  in  Hortus  Sibiricus 
mentioned L. martagon from his travel in Siberia (Svanberg, 1987, 2007)

Myrrhis odorata (L.) Scop.
Sweet Cicely. Family Apiaceae.
Myrrhis odorata is a perennial up to one meter high. It has wide, fern-like leaves, 
which are downy beneath and sometimes with white markings above. The whole plant 
has  an  aniseed  aroma  and  is  edible  (Mossberg  2003).  It  could  origin  from  the 
Linnaean time at Hammarby, but it may also have been grown there before Linnaeus 
bought the estate. It was a commonly used plant, grown as a kale in the vegetable 
garden (Mårtensson 2002). At Hammarby, M. odorata seems to have its origin in the 
vegetable garden located on the west side of the main building (Manktelow 2001).
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Mercurialis perennis L.
Dog’s Mercury. Family: Euphorbiaceae.
Mercurialis perennis is dioecious, rhizomatous and may form large clonal populations 
of each sex. According to Ahnström (2001) it stores nitrogen in the rhizomes and is 
not dependent on high nitrogen supply from the soil.  The clones often grow very 
dense so that nothing can grow beneath them. This is a species characteristic of a 
highly shaded forest floor. It is a 15-40 cm tall perennial herb, flowering in April-May 
(Mossberg 2003). Linnaeus used M. perennis in the first paper where he argued that 
stamens and pistils were sexual parts used for reproduction (Linnaeus 1729) The use 
of this species as an illustration of the sexuality of plants might be the reason for him 
to plant it at Hammarby (Manktelow 2001). 

Permanent quadrats
Permanent quadrats of one m2 were placed at 23 places in the park and outside of the 
park in the spring of 2005 and 2006 (Appendix A). They were marked by a metal 
frame and permanent rods in two corners. The quadrats were placed randomly within 
an area covering the denser part of the population of L. martagon in the far south part 
of  the  park,  as  well  as  the  area  where  L.  martagon meets  the  population  of  M. 
odorata.  The  quadrats  were  placed  in  pairs  to  share  the  same  environmental 
conditions. Three control quadrats were located in an open area on the west side of the 
main building (appendix A, quadrats 11-12:2). The quadrats were divided into shaded 
and unshaded depending on tree-cover: in the park they were shaded and outside of it 
unshaded.
In  the  flowering  season  of  2006,  when  growth  differences  between  L.  martagon 
specimens where obvious, specimens outside the quadrats that grew well were added 
to the study. They were measured in the same way as the flowering specimens in the 
quadrats and light was measured at the spot where they grew. 

Size measurements and qualitative inventory of L. martagon
Measuring of L. martagon plants was made to determine if light affected the growth 
in any way. I measured the stem width at the base of the plant, the width of a flower in 
the raceme, and plant height. The flowers in each raceme were counted. 

Clusters of one-leaf specimens (3 - 46 single leafs growing very close to each other 
and being of exactly the same size and shape) were found in many quadrats. One 
cluster of single leaves was dug up to learn whether they came from seeds that had 
germinated (in which case many small individual bulbs would be seen), or if it was an 
old  and  big  bulb  that  had  divided.  Since  the  investigation  was  undertaken  in  an 
historical garden I limited the disturbance caused by digging by only choosing one 
cluster; it had to represent them all.

The  lilies  were  counted  and  divided  into  three  size-groups.  Small(1-3  leaf 
individuals), including the clusters; medium size and large (prone to flower in 2006).

The counting was done twice in June 2006, in order to detect a change in abundance.

Light measurements
The amount of light was measured (in µmol/s x m2) using a portable light-meter (LI-
COR 250 97-086) at the center of each quadrat, 70 cm above ground, which most 
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often meant that the light was reduced by trees only. Light was also measured beneath 
M. odorata and beneath M. perennis. In order to maintain the same height the light-
meter was put on top of a tripod meant for cameras. The light-meter was shaped as 
half  a  sphere.  Measurements  were  made under  similar  circumstances:  sunny days 
around noon. Light was measured 3 times in a row to get a good mean value of the 
light,  since it  constantly changed.  The value from the meter  itself  was a mean of 
incoming light for 15 s. Lacking access to a logger, which would be measuring total 
daylight  constantly  during  light-measurements  in  the  park,  frequent  measurements 
were made of the undisturbed light as well: Mostly on top of the fence south of the 
park where it was relatively open. The relative light (%) actually reaching the plants 
was calculated by dividing the light in the quadrat with the actual daylight at the three 
positions. These values were arcsine-transformed to achieve normal distribution.

Fig.2. Measuring the light on June 29th 2006; The light-meter was placed on a tripod.  Also in the 
picture: The quadrat frame and many Mercurialis perennis.

Cover of Myrrhis odorata, Mercurialis perennis and trees
Estimation was  made  of  M. odorata cover  in  the  quadrats  in  percentage  with an 
accuracy of 5%. The same was done with M. perennis. The estimations of cover were 
made  early  in  the  season  on  May  9th,  before  my  biomass  harvest  and  possible 
trampling by visitors. Since all species involved are perennial and have a common 
history of coexistence it was judged that estimations early in season could be used, 
even though the M. perennis still were small. These values were arcsine-transformed 
to achieve normal distribution. Estimation was made of the shadowing from the trees 
(mostly  A. platanoides, but also Ash,  Fraxinus excelsior): How much light reached 
the quadrat at the middle of the day, from the south, or from the different angles of 
140 º, 180º and 210 º? This was judged at the tract of the suns passage. The estimation 
of the tree cover had an accuracy of 20%. These values were arcsine-transformed to 
achieve normal distribution.

Removal of biomass
Some quadrats  were cleared of  everything but  L.  martagon in  order to  see if  the 
species was affected by the lack of competition. The quadrats were randomly chosen 
early in spring, so the species composition was not known. The biomass was weighed 
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with an old-fashioned Besman-scale  (0-0.3  kg)  with  an  accuracy of  0.01 kg.  The 
harvest was weighed fresh, immediately after removal. Biomass removal was repeated 
three times: at May 9th, June 10th and July 3rd 2006. Care was taken to harvest under 
comparable weather circumstances, in a sunny day and when more than a week had 
passed since the last rain, not to have water-logged harvests (Appendix A, quadrats 
1.1, 2.1, 5.2, 6.1, 6.3, 7.2, 12.2). 

In the area where the quadrats 4.1 and 4.2 were located, M. odorata had been removed 
yearly by the “Friends of Hammarby” association for 3 consecutive years, in an aim to 
aid L. martagon growth by reducing light competition. In these quadrats nothing but 
M. odorata had been removed (Monica Knutson, pers. comm. 2005). 

Unshaded control in the park
One of the quadrats from 2006 (2.3) became a control for what might happen when 
trees are removed. It was placed immediately north of where three F. excelsior stood 
before the curator had them removed in the winter of 2005/2006.

Pathogens
Spots of necrosis, followed by wilting among the lilies were abundant in the park in 
the summer  of  2006.  Premature  wilting was  evident  in  2007 as  well.  In  order  to 
establish what caused the necrosis and wilting, samples were dug up—bulbs, plants 
and soil—and sent to laboratories for analysis.  One fresh sample was sent to CSL 
laboratories in York, England, in the summer of 2006. In 2007, frozen samples from 
2006, as well as fresh samples from 2007, were sent to a laboratory in Gothenburg, 
Sweden (Svenska växtskyddslaboratoriet).  All were dug up in the park, at  random 
locations. The laboratories also got pictures of the plants displaying the damage.

Self-pollination 
A study was made to decide if the L. martagon was self-fertile or not in order to judge 
if healthy seeds were produced. A few flowers of different plants and locations were 
hidden in light cloth before the stamens or the pistils were ripe, some of which were 
later hand-pollinated, and some not. A few flowers were designated as controls and 
not hidden at all, free for insects to visit. I chose to take pollen from a flower in the 
radius of 5 m from each target.

Pollinators
Observations were made to establish the pollinator(s) at the end of June, at the 29th 

and 30th of June 2006. The observations were limited to daytime between noon and 3 
pm  and  evening  between  6  pm  and  8  pm.  Species  were  determined  at  location 
(Chinery 1993).

Data analyses 
In order to determine if the presence of  M. odorata had an effect on  L. martagon a 
Pearson correlation was made between number of L. martagon in June (Appendix B) 
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and cover of M. odorata estimated in % in May before the first harvest (Appendix C). 
The cover of M. odorata was then arcsine-transformed to achieve normal distribution. 

The same procedure was made focusing on competition between L. martagon and M. 
perennis instead.  Calculations were made for  the  Pearson correlation  between the 
amount of L. martagon from June 22nd (Appendix B) and the cover of M. perennis on 
May 9th (Appendix C). All of the species in this study were perennial so I judged it 
safe to choose values from May even though neither  M. perennis nor  M. odorata 
covered the ground entirely that early. These values were also arcsine-transformed to 
achieve normal distribution. Stem-sizes (Appendix B) were analyzed with T-test to 
determine if there was a difference between stems in the shade and stems in the light. 
The effect of light on the amount of flowers/racemes was determined using Pearson 
correlation on the mean amount of  L. martagon flowers per stem (Appendix B) and 
relative  light  in  June  (Appendix  D),  arcsine-transformed  to  achieve  normal 
distribution. Statistics were calculated using Microsoft Office Excel 2003 and Minitab 
14.1. Arcsine-transformations were calculated in Microsoft Office Excel 2003.

Results

Weather conditions
The summer of 2005 was cloudy, shaded, rainy and wet with a mean precipitation of 
56  mm instead of the expected 33 mm in May, 82 mm instead of 45 in June,  and 101 
mm rain instead of 75 in July (based on mean values from 1961-90). The amount of 
sunny  hours  was  less  than  expected  in  May  and  June  2005.  The  Swedish 
meteorological  and hydrological  institute (SMHI) counted 205 instead of expected 
255 sunny hours in May and 233 hours instead of 276 in June. July was also rainy 
with 101 mm instead of expected 75 but also sunnier than average with 259 instead of 
expected 243 hours. 

The summer of 2006 was warm and sunny with little rain. May was as average, but 
June had 320 sunny hours instead of 276, with exactly as much rain as an average 
year. July was very sunny as well, with 319 hours of sun instead of a mere 243 as 
average and very little rain, 26 mm instead of 75.

Qualitative inventory
The quadrats did not have as much M. odorata as believed and not even L. martagon 
in all of them. But the inventory from 2005 showed a common trait  for all  frame 
quadrats: M. perennis was found in each one.
 
The qualitative inventory of June 22nd 2006 revealed a loss of L. martagon individuals 
compared to the one at  June 13th 2006.  But  in the cleared or otherwise tampered 
quadrats the development  was positive, with either only little loss or a gain of L.  
martagon  The number of small  L. martagon had increased (Appendix D).  In the 
south to southeast end of the park the quadrats had many shoots but also had a great 
loss of L. martagon. The decrease was especially large far south in the park, close to 
the fence. In the southeast end the middle-sized individuals died as well. 

In the spring of 2006 hundreds of L. martagon could be found in one single square. 
Most were one-leaved shoots, forming clusters. In the second inventory of June 2006 
far less shoots were found. The dug up cluster was shown to come from an old and 
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big bulb that had divided. Shoots emerged from the scales. Thus, the leaves of the 
cluster were clonal.

The species compared over time
Myrrhis  odorata generally  flowers  a  month  earlier  than  the  L.  martagon at 
Hammarby, in May.  It also spreads its leaves early before flowering, beginning its 
growth in April. The M. odorata leaves remain green and large throughout June, until 
the L. martagon blooms by mid-summer. In July M. odorata leaves wilt one by one, 
making the plants yellowish and less dense.  M. perennis on the other hands grow 
denser as the summer goes. Leaves are still relatively small during blooming, in June, 
but they expand in size after  that.  In August  L. martagon as  well  as  M. perennis 
begins to wilt. Only the stem with fruit of L. martagon remain throughout autumn and 
all winter.

Results of daylight measurements
After the preliminary study of 2005 it was clear that all of the quadrats received very 
little light so it was decided that more quadrats were needed for 2006 in order to make 
a comparison between shaded and unshaded quadrats possible.

Hardly any light reached the young plants of L. martagon in June. They were covered 
by either M. perennis alone or together with M. odorata. Only about 3 % of daylight 
reached the young specimens of  L. martagon and the amount of light was the same 
with or without M. odorata. 

The M. odorata plants outside the park, growing without any shade from trees, were 
larger than the ones in it, growing in shade (pers. obs.). Early in the season, in May, 
the M. odorata covered 85%, becoming 100% shortly after, growing several layers on 
layers in the unshaded and undisturbed quadrat. In comparison the quadrats with the 
highest tree cover in the park amounted to 25 % in May and never more than one 
layer (Appendix C). 

I found positive correlations between the cover of M. odorata and the abundance of L.  
martagon made with Pearson correlation (r= -0.39, N=27, P<0.05). Thus, the more M. 
odorata, the less L. martagon. 
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Cover of Mercurialis perennis:

In May the plants of M. perennis were still small and the estimations of cover are 
before first clearing on May 9th. In June the cover of M. perennis increased up to 
100% in some quadrats when undisturbed. In the cleared quadrats it did not grow 
back well after removal (pers. obs.). Pearson correlation did not give significance for 
cover of M. perennis and number of L. martagon on June 22nd and it did not give 
significance for cover of M. perennis and change in number of L. martagon in the 
interval between 13th and June 22nd 2006 either. Thus, M. perennis does not appear to 
have any effect on the amount of L. martagon.

The tree cover 

From my analysis of the tree cover in (%) following the tract of the sun at noon it is 
clear that the quadrats in the park are highly shaded (Appendix C, quadrat 1:1-10.2)., 
whereas the quadrats outside the park (Appendix C, quadrat 11-12.2)., and the quadrat 
where the ashes F. excelsior were removed in 2005 are more or less unshaded 
(Appendix C, quadrat 2:3). The control quadrats in the park have access to some 
daylight that most of the other quadrats there lack (Appendix C, quadrat 14-17). This 
is all verified by light measuring (Appendix D). Pearson correlation did not give 
significance for relative light in June and number of L. martagon (Appendix B) or 
relative light in July (Appendix D) and number of L. martagon (Appendix B). Thus, 
the lack of light does not appear to have any direct effect on the amount of L.  
martagon.

Species and size composition in unshaded compared to shaded 
quadrats

Cover of Myrrhis odorata  and Mercurialis perennis   in shaded and 
unshaded quadrats at Linnaeus’s Hammarby, Sweden
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Fig  3.  Distribution  and  abundance  of  species  in  shaded  and  unshaded  quadrats  at  Linnaeus’s 
Hammarby, Sweden

The  unshaded  quadrats  had  less  cover  of  M.  perennis,  fewer  individuals  of  L.  
martagon (fig 5) and a larger cover of M. odorata. The shaded quadrats in the park 
had a larger cover of M. perennis, a large number of mainly small L. martagon (fig 5) 
and a low cover of M. odorata with smaller individuals than the ones out in the open. 
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Amount of Lilium martagon in shaded quadrats (located in the 
park) vs unshaded quadrats (located outside the park)
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Fig 4. Diagram of size composition of  L. martagon in shaded and unshaded quadrats at Linnaeus’s 
Hammarby, Sweden

The shaded quadrats in the park contained many small shoots with one to three leaves, 
many of these were one-leaf clusters but only few were two- or three-leaf specimens 
and very few were old enough to flower.  The unshaded quadrats  contained fewer 
plants and sizes were more evenly distributed. Young L. martagon with less than four 
leaves did not reach above the M. perennis layer (pers. obs.).

Size measurements and flowers per raceme of Lilium martagon
The mean amount of flowers per raceme in the park was 3.8 (Appendix B). But the 
well-grown  control  specimens  ranged  from  10-23  flowers  per  raceme,  clearly 
exceeding  the  mean  of  flowers  per  raceme  in  the  park.  Stem diameter  varied  in 
accordance,  the  mean  diameter  inside  the  park  being  4.9  cm,  and  the  unshaded 
quadrats and the well-grown control specimens having a mean diameter of 9.2 cm. 
Mean  diameter  of  unshaded  control  specimens  alone  was  8.0  cm  (Appendix  B). 
Pearson correlation test on amount of flowers per raceme depending on relative light 
in June showed statistical  significance with r=0.36,  P<0.05 and DF=31.  Thus,  the 
light  did  have  an effect  on the  amount  of  flowers  on  L.  martagon,  and  the  stem 
diameter  of  L. martagon  growing in the shade was smaller  than those growing in 
lighter conditions. This was true during the whole growth season (July= T46=4.65, 
P<0.005 with T-test). 

Removal of shading biomass

Biomass removal from shaded quadrats vs 
unshaded quadrat 
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Fig  5.  Biomass  harvest  comparison  between  shaded  quadrats  and  unshaded  control  quadrat  at 
Linnaeus’s Hammarby, Sweden.
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The return growth in the shaded and unshaded areas of the park differed. M. odorata 
did not grow back as well in the park as it did outside. The harvested biomass from 
the unshaded quadrat outside the park amounted to 10 times more than the harvested 
biomass from the shaded quadrats in the park (Appendix C).  The quadrats that had 
been subjected  to  M. odorata biomass  removal  over  3  years  were  filled  with  M. 
perennis. The removal resulted in a trend of increase of L. martagon (Appendix B and 
C).  

Pathogens
The laboratory analysis in 2006 from CSL diagnostics in York detected a pathogen in 
the  sample  from  Hammarby,  an  Oomycete  called  Phytophtora (Greek  for  plant-
killer). They also detected a weak fungal pathogen called Colletotrichum truncation, 
but  did  not  believe  it  to  be  the  cause  of  the  dieback  (Appendix  E).  Svenska 
växtskyddslaboratoriet, Gothenburg, Sweden confirmed the infection in the soil and 
plants of 2006 to be Phytophtora sp., but found another species in the 2007 samples, 
called  C.  demiatum.  It  had  never  before  been  shown  to  infect  Lilium species  in 
Scandinavia, but is, as well as the Phytophtora, a serious pest, difficult to counteract. 
They described the wilting as typical of that species (Appendix F).

Self-fertilization test
The result of the self-fertilization test was undisputable: The un-pollinated, bagged 
flowers did not produce any fruit. The hand-pollinated, bagged flowers as well as the 
flowers that were left to natural pollinators produced fruit. The species is protandrous 
(stamens mature before the pistils), thus avoiding self-pollination. Different flowers in 
a raceme might be fertile at the same time, though after pollination the ovary swells. 
The time-frame of the study did not include counting fruit, but there was no shortage 
of swelling fruit. (pers. obs.)

Pollination
I did not manage to establish exactly what pollinated the lilies. They were visited by a 
rich variation of insects. The most common groups were butterflies Lepidoptera and 
Marmalade flies Episyrphus balteatus. The small narcissus fly Eumerus strigatus was 
seen in abundance eating the pollen of the blooming lilies.  Other insects visited and 
ate pollen, among them Macroglossum stellatarum (Sphingidae) and Oxymirus cursor 
(Cerambycidae). 
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Discussion

The  purpose  of  my  study  was  to  investigate  if  light-competition  in  the  park  at 
Linnaeus’s Hammarby could be a key factor behind the decline of L. martagon and if 
the abundant  populations  of  M. odorata and M. perennis had any influence.  Yes, 
statistical significance was found of an inverted correlation between the ground cover 
of M. odorata and the abundance of L. martagon. M. odorata spread their leaves wide 
early in spring before blooming. This would decrease the light at an early and possibly 
critical stage of L. martagon development. There was no similar significance for the 
correlation between ground cover of M. perennis and the abundance of L. martagon 
despite the fact that hardly any light reached the shoots of  L. martagon beneath the 
layer  of  fully developed leaves  of  M. perennis.  However,  the development of  M. 
perennis leaves did not coincide with L. martagon development in springtime. 

There was no statistical significance between the abundance of L. martagon and mean 
relative light per quadrat in May, June and July. But there was statistical significance 
between the amount of flowers per raceme and relative light in June (when the well-
grown samples had been added to the investigation), and few flowers produce few 
seeds. There was also statistical significance between stem-width and accessible light, 
indicating that  L. martagon receive too little light for growth in the park where it is 
shaded all the time.
 
The big specimens stood in varying light. They mostly had access to light early in the 
day. Sunlight almost vanished past noon for some of them when the east wing or a 
massive wall of trees took the direct light away. So my measurements at noon were 
probably  too  late,  biasing  the  results.  The  shaded  quadrats,  with  the  smaller 
specimens,  had a more complete cover  all  through the day.  I  thus believe that  L. 
martagon is favored by part light, part shade conditions. This concurs with advice 
given for cultivating L. martagon in any gardening book (e.g. Berglund, K. 1996) and 
is verified by the abundance of  L. martagon located in the area with a clearing of 
trees. It is also verified by a quadrat where L. martagon grew among flourishing M. 
odorata and some M. perennis, and despite this was present in a high abundance. L.  
martagon there had access to light before noon but only little light in the afternoon.

Almost  all  quadrats  with  removed  biomass  showed  a  positive  development  of  L. 
martagon abundance  with  more  small  specimens  of  L.  martagon on  the  second 
counting in June than on the first, regardless of species removed. It is evident that 
quadrats with removed biomass have a lower loss of L. martagon shoots and even a 
positive development over the period 13th-22nd June with new shoots emerging.

I do not judge pollination factors to be relevant for the dieback of L. martagon. The 
flowers were visited by a variation of insects, among them many  Lepidoptera, and 
even though fruit were not counted in this study there was numerous swelling ovaries. 

The plants in the park do not seem to suffer from nitrogen-deficiency or too much 
nitrogen.   M.  odorata seem  to  increase  in  numbers,  an  indicator  of  nitrogen 
availability (Grime 2001). The air-born nitrogen could affect the species composition. 
But  since  L.  martagon is  assigned  tolerant  to  changes  in  nitrogen  accessibility 
(Lundquist, 2005), this should not affect the fluctuation in the population.
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I believe that the findings of pathogens are relevant in the dieback of  L. martagon. 
Two relevant  species  were  found,  Phytophtora  sp.  and  Colletotrichum demiatum. 
Both can survive for years in soil and compost in decaying leaves (Appendix E and 
F). The variation in weather over the summers account for the findings of different 
pathogens different  years  because of  their  differences  in  ecology:  The summer  of 
2005 was a rainy summer with little sun;  L. martagon was affected by mould and 
wilted before blooming. The  Phytophtora sp., a moisture-loving species thriving in 
bad drainage and waterlogged environment could then remain in the ground until the 
next year, 2006. According to the cost of reproduction theory (Begon et al 1996), the 
many shoots of  L. martagon in 2006 could be a response to the lack of flowers the 
year before. But since the ground was infected, many of the shoots died as summer 
went. The large number of shoots in the southern part of the park would then suggest 
that  this  part  was  very  infected  with  fungi  spores.  The  cluster  that  was  dug  up 
confirms the cost of reproduction theory: shoots emerged from the scales, indicating 
that the bulb had been stressed and this probably goes for other clusters as well.

The spring of 2007 was dry and windy and the L. martagon looked healthy, could not 
see a single spot. It started to rain in June and a wilting of younger specimens started 
immediately on a grand scale and the infection was worse than that in 2006 with 
whole-scale  dying  of  leaves  and  plants,  but  few  necrosis  spots  (pers.  obs.).  The 
infection in 2007 was mainly caused by C. demiatum. The findings of these pathogens 
might  give  a  new  interpretation  of  my  results.  Few  and  large  L.  martagon may 
indicate that the soil was free of infection, while many and small L. martagon is not a 
good sign but an indication of fungus infected soil. 

This study was conducted during too short a time to establish any long-term decline of 
L. martagon at Hammarby. Therefore it would be of interest to continue studying the 
population. For future studies it would also be of interest to find out more about the 
relation between  L. martagon and  M. odorata. It is not completely clear from this 
study. Many of the results in this study might have been different had the sample sizes 
been bigger than they were,  like light  measured beneath the  M. perennis layer  or 
beneath the  M. odorata layer.  Since I had few unshaded controls I believe that an 
increased investigation could yield interesting results. Pathogen studies could be done 
in a controlled manner. In this study the soil and bulbs were randomly collected since 
the problem appeared during the course of the study. It would also be interesting to 
study the possible effects of the Lily-beetle. The larvae of the Lily-beetle  Lilioceris  
lilii certainly live on L. martagon, eating holes in the leaves. The leaves of the plants 
in the park displayed many holes, but around the holes the plants had a vital green 
colour without necrosis (pers. obs.). The dying plants in the park were not seemingly 
affected by Lily-beetle holes, but this would be of interest to establish. 
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Conclusion

The  purpose  of  this  study  was  to  investigate  if  light-competition  in  the  park  at 
Linnaeus's Hammarby is a key factor behind the declination of L. martagon and if the 
abundant populations of  M. odorata and M. perennis have any influence.  The size 
category of  L. martagon that is decreasing is the one where the specimens are old 
enough to flower, the size that a visitor will see. 

My observations show that the abundance of L. martagon is connected with access to 
light in more ways than one:

1. The cover of M. odorata may influence the population of L. martagon negatively, 
competing  with  L.  martagon for  light,  or/and  positively,  somehow  keeping  the 
pathogens at bay. 

2. The amount of flowers in each raceme is positively correlated to access to light and 
this definitely influences the survival of  L. martagon. Few flowers mean few seeds 
and are a measurement of fecundity. This would cause a drawback in a population.

3. The stem size is also affected by the access to light.  The best developed samples 
are the ones growing in part light, part shade conditions. In the more compact shade of 
the  park  L.  martagon had  thin  stems.  They  do  not  receive  enough  light  to 
photosynthesize in order to grow well. 

4.  The  soil  and  bulbs  are  infected  by  pathogens  in  large  parts  of  the  park.  The 
infections give rise to a high number of shoots wilting away. Not only shoots but also 
large specimens die.  Pathogens like these thrive in moisture and shade, conditions 
which appear to be met in large parts of the garden due to shade and leaf litter of A. 
platanoides, which offer a good environment for the pathogens.

My conclusion is that  L. martagon needs more light and the pathogens need to be 
fought.  This  can  be  accomplished  by  reducing  the  tree  cover,  especially  of  A. 
platanoides in the southern part of the park, and by diminishing the population of M. 
odorata. This study should be followed up after A. platanoides have been removed in 
the park.

Hopefully,  L. martagon will be able to grow back to the population it had 20 years 
ago, pleasing the eye, instead of being threatened as it is today. The goal is not to 
achieve the population size that Linnaeus had 250 years ago, but to handle his legacy 
in a respectful manner.
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Appendix B, Abundance and measurements of Lilium martagon plants in the park at Linnaeus’s Hammarby, Uppsala, Sweden, May-July 2006

Quadrat number tot number of  L. martagon 22/6 Tot. change in 
number, June 
13th - June 22nd

Change in 
number of 
small 
specimens 
June 13th 
- June 22nd

Change in 
number of 
medium 
specimens 
June 13th - 
June 22nd

Change in 
number of 
large 
specimens 
June 13th - 
June 22nd

main 
diam of 
stem 
(cm), 

Number of 
flowering 
plants 
/quadrat

tot. height 
(cm)

diam. flower 
(cm)

Numbers of flowers/raceme

10.2 136 -93 -48 -42 -3 5 5 59 3,0 3,5

10.1 92 -58 -58 -2 0 6 1 71 3,2 4,0

3.2 71 -10 -3 -6 -1 5 3 68 3,0 4,0

9.2 67 -28 -25 -3

8.1 61 -39 -38 -2 1 6 2 66 3,2 2,5

1.1 54 7 9 -2 0 5 3 66 3,0 2,5

2.3 53 4 0 3 1

9.1 45 -7 -2 -4

2.1 42 -5 8 -12 -1 5 7 78 2,9 5,3

4.1 33 2 3 -1

3.1 30 -16 -10 -5 -1 4 12 60 2,9 2,6

6.1 24 -36 15 2 -2 4 5 50 2,9 2,2

8.2 24 -27 -25 -2 0

6.3 23 -12 -7 -5

1.2 22 -16 0 -11 -5 6 8 80 3,0 4,3

2.2 13 -13 -4 -8 -1 5 2 59 2,7 3,5

7.1 10 -10 -5 -5 7 1 104 3,5 9,0

6.4 6 -12 -5 -7

9.3 4 -36 -32 -4 4 1 38 3,1 2,0

5.2 3 1 1 -1 6 1 78 3,3 4,0

7.2 3 -2 -2 0

12.1 2 -28 5 -1

12.2 2 -3 -2 -1 0 6 1 91 3,1 4,0

11. 1 0 10 1 114 3,3 16,0

13. 1 8 113 4,0 6,0

14. 1 7 132 3,3 10,0

15. 1 12 141 3,0 23,0

16. 1 9 83 3,1 10,0

17. 1 10 136 3,2 16,0

6.2 1 -10 -8 -2

4.2 0

5.1 0



Appendix C, Cover of tree layer, Myrrhis odorata and Mercurialis perennis and number of Lilium martagon in the park, Linnaeus’s Hammarby, Uppsala, Sweden, May-July 2006. 

Quadrat 
number

Tree cover in percentage, June 
22nd.
140°                          180° (S) 220°

M. odorata May before 
harvesting (May 9th 2006
mean cover (%)

M. odorata in June after 
harvesting 
mean cover  (%)

M. perennis May  before 
harvesting (May 9th 2006)
 mean cover  (%)

harvest, 
(kg) tot.  tot. number of L. martagon June 22nd 2006

  

10.2 90 50 0 0 0 20 136   

10.1 100 50 0 0 0 10 92  

3.2 50 95 100 0 0 66 71  

9.2 100 85 50 10 25 5 67  

8.1 100 95 100 5 10 5 61  

1.1 95 95 75 25 0 45 0,9 54  

2.3 0 0 100 0 0 25 53  

9.1 100 90 100 0 0 10 45  

2.1 33 80 95 0 0 30 0,53 42  

4.1 100 100 100 5 0 15 unknown 33  

3.1 85 85 70 0 0 25 30  

6.1 100 50 50 20 0 20 1,3 24  

8.2 80 100 100 5 5 0 24  

6.3 100 60 50 20 15 50 0,93 23  

1.2 80 90 75 20 80 75 22  

2.2 25 70 70 0 0 50 13  

7.1 50 90 85 25 50 20 10  

6.4 100 90 30 10 50 80 6  

9.3 25 50 100 0 0 0 4  

5.2 100 100 100 10 0 20 0,86 3  

7.2 50 100 80 15 15 75 0,98 3  

12.1 0 0 0 50 100 5 2  

12.2 0 0 25 85 0 0 11,9 2  

6.2 90 75 50 20 40 75 1  

4.2 100 100 100 0 0 33 unknown 0  

5.1 100 100 100 10 25 10 0  

11. 25 0 0 0 0 0  

13. 0 40 100  

14. 0 0 100  
15. 50 30 30  

16. 15 15 30  

17. 30 50 100   
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Appendix D. Actual and relative light reaching Lilium martagon in the park at 
Linnaeus’s Hammarby, Uppsala, Sweden, May-July 2006.

Relative light was calculated by dividing the measured light at the height of the plants 
with undisturbed daylight. The daylight mean for the measurement dates, summer 
2006, was 1430 µmol/m2/s-1.

Quadrat Actual light, mean values(µmol/m2/s-1) Relative light, mean values (%)

     May                June    July  May   June      July
  

1.1 967,7 60,0 37,9 72,7 4,6 2,4
1.2 572,4 53,5 555,6 35,3 4,1 39,5
2.1 782,6 163,1 64,2 57,5 12,5 4,7
2.2 863,3 340,4 51,6 63,6 26,2 3,8
2.3 1422,3 1338,4 1319,6 100,0 100,0 97,3
3.1 900,1 82,8 55,4 65,7 6,4 3,7
3.2 799,3 120,8 56,7 57,8 9,3 4,0
4.1 806,4 69,9 29,8 57,3 6,4 2,0
4.2 564,2 65,0 49,9 39,5 6,4 3,3
5.1 674,5 55,4 50,8 48,8 4,0 3,4
5.2 947,0 60,2 25,3 66,8 6,0 1,7
6.1 951,9 279,9 317,3 68,3 21,2 20,4
6.2 590,6 369,6 67,9 42,9 28,9 4,4
6.3 682,7 146,5 44,3 50,6 12,9 2,9
6.4 733,5 80,7 32,7 54,2 8,7 2,1
7.1 717,6 88,2 55,3 49,5 12,6 3,8
7.2 636,5 150,9 45,8 43,0 10,8 3,1
8.1 864,4 56,7 101,3 59,2 3,8 7,6
8.2 582,4 100,6 39,1 48,1 6,8 2,8
9.1 815,4 79,8 84,7 63,4 5,4 5,3
9.2 1371,1 102,8 87,2 100,0 7,0 6,2
9.3 1284,2 1224,9 382,2 92,9 83,1 28,1
10.1 1395,2 127,5 1081,5 96,2 8,6 79,7
10.2 1423,0 125,4 146,3 96,9 8,5 10,8
11. 1303,1 1551,8 100,0 100,0 100,0
12.1* 1208,5 1414,9 51,0 99,2 87,8 3,6
12.2 1242,1 1609,5 1399,4 100,0 100,0 97,3
13 unknown unknown
14 251,6 17,43365
15 753,7 6,86922
16 190,0 19,5976
17 54,9 3,293093

*12.1: In July M. odorata grew higher than the measuring 
height (0.70 m).
Above that relative light was 
100%.
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