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‘Beauty bush’ and ‘twin flower’ are common names attributed to two well-recognizable
species belonging to the genus Linnaea (16 spp.) – L. amabilis and L. borealis – long
admired by botanists and gardeners for their perfumed paired bell-shaped flowers. In
the present study, we investigated their floral scent compositions through gas chromatography – mass spectrometry (GC-MS) analysis of dynamic headspace samples.
Because the flowers of L. borealis in wild populations are fragrant both during the
day and in the evening, circadian variation of scent emission was also assessed for
this species. In total, 26 chemical compounds comprise the floral scent bouquets of
L. amabilis and L. borealis, identified as monoterpenes (14), benzenoids and phenylpropanoids (5), aliphatics (3), sesquiterpenes (3) and irregular terpenes (1). Whereas
monoterpenes, notably (-)-α- and β-pinene, dominated the scent of L. amabilis
(over 82% relative abundance), benzene derivates: 1,4 dimethoxybenzene, anisaldehyde, 2-phenylethanol, benzaldehyde and nicotinaldehyde were exclusive to analysed headspace samples of L. borealis, accounting for 52% to 100% of their relative
compositions, in three Swedish populations. A southwestern Finnish population was
characterized by the four first mentioned benzenoid compounds and large amounts
of (-)-α- and β-pinenes plus two aliphatic substances. The scent compounds identified for both species are ubiquitous and may serve as generalist attractants/stimulants
for a broad assortment of anthophilous insects. The basic work on the flower scent of
L. amabilis and L. borealis should inspire studies of their pollination biology, primarily
the behaviour-guiding roles of the characteristic emitted volatiles.
Keywords: Linnaeus, Linnaea borealis, L. amabilis, floral VOCs, insect pollinators,
chirality, 1,4-dimethoxybenzene, benzaldehyde, 2-phenylethanol, anisaldehyde,
nicotinaldehyde, (-)-α-pinene, β-pinene.

Introduction
During his youth in Småland, south Sweden, Carl Linnaeus was particularly familiar
with a dwarf shrubby species with fragrant paired bell-shaped flowers, whose pleasant
odour he described in full detail in the second edition of ‘Flora Svecica’ (Linnaeus
––––––––––––––––––––––––––––––––––––––––
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Figure 1. Linnaea borealis L. Hand-coloured copper print from “Svensk Botanik” (Palmstruch and Venus 1802).

1755): “Odor florum ad confectiones sacharatas s. florum
Ulmariae accredit, noctu imprimis fragrantissimus, ut e
longinquo dignoscator” (Fig. 1 and 2). In other words, he

Figure 2. Linnaeus portrayed at the age of 32, with a Linnaea
specimen in his hand. Painting by J. H. Scheffel, University of Uppsala.
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perceived the scent as reminiscent of sugar candy, or the
fragrance of meadowsweet Filipendula ulmaria (L.) Maxim.
(Rosaceae). A number of anecdotal records show that other
authors have sensed the odour differently (e.g. almond,
vanilla, butterfly orchids, lilac), and often noted a peak of
scent emission during evening hours.
Linnaeus was particularly fond of the species and early
referred to it as ‘planta nostra’ (my plant), deciding that it
should carry the Latin name Linnaea. Although modesty was
not a prime virtue of Linnaeus, he realized that he could not
possibly name the plant himself, so he asked his friend J. F.
Gronovius in Leiden to act as author of the generic name.
Gronovius complied and the generic name Linnaea Gronov.
was introduced in the first edition of ‘Genera Plantarum’
(Linnaeus 1737a). In the same year, Linnaeus would refer to
this generic name in his ‘Flora Lapponica’ (Linnaeus 1737b),
safe from any allegation of pretentiousness. The first edition
of ‘Species Plantarum’ (Linnaeus 1753) contained a formal description of the species by Linnaeus himself, named
Linnaea borealis Gronov. as a reference to its northern distribution. Ironically, the publication of ‘Species Plantarum’
has become the starting point of botanical nomenclature for
higher plants, meaning that the generic and species name
must be cited as Linnaea L. and L. borealis L., a situation
Linnaeus had so cunningly attempted to avoid.
In pre-Linnaean literature, Linnaea borealis was usually
classified along with the bellflowers (Campanulaceae) under
the name of Campanula serpyllifolia and similar phrasenames. After Linnaeus, the genus Linnaea has generally been
placed in the family Caprifoliaceae. More recently, the family Linnaeaceae was recognized and described (Backlund and
Pyck 1998), comprising five genera: Linnaea, Abelia, Dipelta,
Kolkwitzia and Zabelia. Phylogenetic studies have proven

Abelia to be polyphyletic (Bell et al. 2001, Winkworth et al.
2008, Jacobs et al. 2010, Landrein 2010a), with species from
Mexico now forming the genus Vesalea and Asian species
treated as two genera, viz. Abelia s.str. and Diabelia (Landrein
2010b). The genus Zabelia, formerly treated as a section of
Abelia, is not closely related to the remainder of the Linnaea
assemblage and its position remains unresolved. Christenhusz (2013) went a step further and included the genera
Abelia (excluding sect. Zabelia), Diabelia, Kolkwitzia and
Vesalea in an expanded generic concept of Linnaea, which in
turn he retained as a tribe (Linnaeeae) of the Caprifoliaceae
(see also Wang et al. 2015). The genus presently encompasses
16 spp. plus a commonly cultivated garden hybrid, Linnaea
 grandiflora (André) Christenh., popularly known as the
glossy abelia. Linnaea amabilis (Graebn.) Christenh., the
beauty bush, native from central China, is also widespread in
cultivation on account of its richly flowering inflorescences
and pleasant floral scent.
Linnaea borealis is highly self-incompatible (Wilcock and
Jennings 1999), although natural vegetative propagation by
stolons often yield resilient clonal patches (Antos and Zobel
1984). The flowers of L. borealis are both a nectar and pollen source. Scobie and Wilcock (2009) recorded no less than
seven families of anthophilous insects associated with them,
most of which flies (Diptera: Muscidae, Empididae, Syrphidae) and sweat bees (Hymenoptera: Halictidae). Apparently
other congenerics exhibit similar reproductive strategies and
it is plausible that floral scents might be involved in the attraction of flower visitors. In the present study, we characterized
in a comparative approach the floral scent compositions of
two selected species of the genus Linnaea (L. amabilis and
L. borealis) through gas chromatography – mass spectrometry (GC-MS). Circadian variation of scent emission was also
assessed in L. borealis. One good argument for performing
this study is found in Wittrock 1907: ”Linnaea borealis L.,
species polymorpha et polychroma”, where the title indicates
the wide variation in this plant. It is tempting to speculate
that this may be so also for the composition of its scent, and
it would be interesting to study the possible infraspecific
chemical variations. It would also be interesting to study the
possible diurnal and seasonal variation in this species. The
present study constitutes a step in this direction.

Material and methods
Study species

Linnaea amabilis (Graebn.) Christenh. – arching, divaricating
woody shrub, bearing light pink bell-shaped paired flowers.
It is native to central China, where it is considered rare and
endangered in the wild, but is widely cultivated in Asia,
Europe and North America. Its fragrant, showy flowers are
assumed to be pollinated by flies, bees and other small insects.
Linnaea borealis L. – small, creeping, evergreen, perennial
shrub with circumboreal and subarctic distribution, often
observed as the dominant woodland layer plant in forest

areas of North America, Europe and Asia. It bears paired,
pendulous bell-shaped flowers (thus its common name ‘twinflower’) that arise from erect leafless peduncles. Pollination
is predominantly myiophilous (although sweat bees are also
implicated) and fruits are zoochorous (Scobie and Wilcock
2009).
Sampling of floral scents and chemical analysis of
volatile organic compounds

Floral scent samples of L. amabilis and L. borealis were
collected by the adsorption methods described in earlier work
by the authors (Bergström et al. 1980, Bergström 1987).
During anthesis, flower-bearing stalks were enclosed within
polyacetate bags (Cofresco GmbH & Co) giving very low
background emission, kept in place by a metal framework
on the inside, forming a ca 800 ml chamber. The soil surface
around the sampled plants was covered with aluminium foil,
leaving openings for the stalks only. Scented air was drawn
from enclosed flower-bearing stalks using a battery operated
membrane pump at constant flow rates of 50–100 ml min–1
for 3 h through glass cartridges filled with 50 mg of Porapak
Q (80–100 mesh), secured between weds of polypropylene
cotton. To detect environmental contaminants, negative controls (empty bags; n = 1 for each species) were simultaneously
collected using the same aforementioned protocol. Following
collection, the cartridges were eluted with 300–450 µl distilled diethyl ether (checked for impurities by GC) into glass
micro vials, and then concentrated to 20–40 µl. To quantify total scent discharge of selected samples, we added an
internal standard (0.5 µg methyl octadecanoate) prior to the
concentration (refer to Table 1 for details).
A single floral scent sample of L. amabilis was collected
from plants growing in a private garden, near a forested area
at Mölndal, western Sweden (57°40¢N, 12°02¢E; ca 60 m
a.s.l.) on 18 July 2016.
Between June–July 1999, replicated samples of L. borealis
were collected from wild growing individuals at three different localities in Sweden, hereby referred to as Säffle (59°04¢N,
12°57¢E; ca 65 m a.s.l.), Särö Västerskog (57°30¢N, 11°55¢E;
ca 80 m a.s.l.) and Abisko (68°21¢N, 18°49¢E; ca 900 m
a.s.l.). At both Särö Västerskog and Säffle, in southwestern
Sweden, L. borealis grows in pine Pinus sylvestris L. forests,
with some occasional spruce Picea abies (L.) H. Karst. and
oak trees Quercus spp.. The understorey consists mainly
of dwarf shrubs, such as Vaccinium myrtillus L., Calluna
vulgaris (L.) Hull and Empetrum nigrum L. Ferns and various herbaceous plants (e.g. Melampyrum spp.), as well as
grasses, also occur. Specifically at Särö Västerskog, L. borealis
is rather scarce, as we recorded less than 10 flowers per square
meter in populations observed during the sampling period.
Contrastingly, at Säffle, an equivalent area could contain
up to a hundred flowers. At the Abisko site, in northern Sweden, L. borealis grows in mountain birch forests
of Betula pubescens subsp. czerepanovii (Orlova) HämetAhti (Betulaceae), where the understorey is dominated
by Empetrum hermaphroditum Hagerup and Vaccinium
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11
June–July
1999
circumboreal and
subarctic
Linnaea borealis L

Linnaea borealis L

circumboreal and
subarctic
circumboreal and
subarctic

Linnaea borealis L.

Linnaea borealis L

almond, vanilla,
Abisko northern Sweden 68°21’N,
butterfly orchids, lilac
18°49’E; ca 900 m a.s.l.)

11

9

bees (Halictidae), flies
(Muscidae, Syrphidae,
Empididae)
4

almond, vanilla,
Raseborg (Nyland) southwestern
June 2012
butterfly orchids, lilac
Finland (59°58′N, 23°26′E; ca 30
m a.s.l.)
almond, vanilla,
Säffle western Sweden (59°04’N,
June–July
butterfly orchids, lilac
12°57’E; ca 65 m a.s.l.)
1999
almond, vanilla,
Särö Västerskog western Sweden
June–July
butterfly orchids, lilac
(57°30’N, 11°55’E; ca 80 m a.s.l.)
1999

–
4
Mölndal western Sweden (57°40’N, June 2016
12°02’E; ca 60 m a.s.l.)
sweet, vanilla, jasmine

central China; cultivated
in Japan, Europe and
North America
circumboreal and
subarctic
Linnaea amabilis
(Graebn.) Christenh.

Known pollinator
associations *
No. of collected
samples
Sampling
date
Sampling site
Olfactory description of
floral scent #
Distribution
Species

Table 1. The investigated species of Linnaea (Caprifoliaceae) and their distribution, olfactory description of floral scent, information of headspace samples and known insect associations. # As perceived by the human nose; * according to Wilcock and Jennings (1999) and Scobie and Wilcock (2009).
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vitis-idaea L. In the usually moss or lichen covered ground,
L. borealis is abundant, and we sometimes found up to several hundred flowers of this species per square meter in the
densest areas. Six individual plants were sampled at each of
the three localities; for each sample, the scent emitted by
three to thirteen flowers was collected. The same flowers
were sampled for two distinct periods of 6 h in the course
of anthesis, from 10:00–16:00 (diurnal) and from 18:00 to
00:00 (nocturnal).
Samples of Finnish L. borealis (n = 4) were obtained in
June 2012 at noon from individuals growing in a mixed
spruce Picea abies and pine P. sylvestris forest area in the vicinities of Raseborg (Nyland), southwestern Finland (59°58¢N,
23°26¢E; ca 30 m a.s.l.). For each sample, ca 100 flower
stems, i.e. 200 flowers were collected and placed indoor in a
glass vase containing clean water and covered at the top with
a polyacetate bag, from which scent was drawn according to
the aforementioned parameters. Control samples of the setup
showed no disturbing compounds.
Floral scent samples were analysed using combined gas
chromatography – mass spectrometry (GC-MS). Two different setups were used. The sample of L. amabilis was analysed
on a HP 5973 mass selective detector coupled with a HP
6890 gas chromatograph, equipped with a non-polar DB-1
column (Agilent J&W; 30 m  0.25 mm i.d., 1.0 µm film
thickness). A 1 µl aliquot was injected in splitless mode with
the injector temperature set to 220°C. GC oven temperature
was set at 50°C for 2 min, then increased at a rate of 5°C
min–1 to 250°C. Helium (He) carrier gas flow was maintained
at a constant pressure of 0.17 bar. Samples of L. borealis were
analysed on a HP 5972 mass selective detector coupled with
a HP 5890 ser. II gas chromatograph, equipped with a CPWax 58 FFAP column (Agilent J&W; 25 m  0.25 mm i.d.,
0.2 µm film thickness). A 1 µl aliquot was injected in splitless
mode with the injector temperature set to 220°C. GC oven
temperature was set at 30°C for 3 min, then increased at a
rate of 10°C min–1 to 240°C.
Samples of L. amabilis and L. borealis were further investigated to determine the optical isomerism of α-pinene
((+)-α-pinene, Sigma-Aldrich no. 80606 and (-)-α-pinene,
Sigma-Aldrich no. 80599). Chiral GC-MS analyses were
conducted on a HP 6890 ser. II gas chromatograph, equipped
with a Cyclodex-B chiral column (Agilent J&W; 30 m 
0.25 mm i.d., 0.25 µm film thickness) with He as carrier gas
and standard procedure.
Floral volatile organic compounds (VOCs) were identified
using a reference library of mass spectra (Wiley Registry,
6th edn). Retention times and mass spectra of selected
compounds were also verified against those of authentic standards. To calculate the amounts of the VOCs in each sample,
peak areas on the chromatograms were integrated to obtain
the total ion current signal and compared to that of the
internal standard. Only compounds accounting for  0.1%
relative abundance were considered for analysis.
To assess circadian variations of scent emission (diurnal
versus nocturnal) in L. borealis, the peak areas of the VOCs
identified in chromatograms obtained from samples collected

in Sweden (Säffle, Särö Västerskog and Abisko sites) were
integrated to obtain the total ion current signal and compared to that of the internal standard. As the air flow of the
pumps was used for quantification calculations, the flow was
checked at the beginning and end of the sampling time.
Differences between diurnal and nocturnal samples were
statistically tested using Student's t-tests (cf. Table 3).

Results
In total, 26 VOCs were detected in samples of L. amabilis and
L. borealis; they represented monoterpenes (14), benzenoids
and phenylpropanoids (5), aliphatics (3), sesquiterpenes (3)
and irregular terpenes (1) (Table 2).
The floral scent of L. amabilis is comprised of 13 VOCs.
The number of VOCs observed in samples of L. borealis varied between five (Särö Västerskog, Säffle and Abisko) and 17
(Raseborg), of which 16 were tentatively identified. Monoterpenes were the dominant constituents in the floral scent
of L. amabilis (over 82% relative abundance) and also represented key constituents of L. borealis in Raseborg (almost
45% relative abundance). Benzenoids and phenylpropanoids
were exclusively recovered in samples of L. borealis, in which
they constituted from 52% up to 100% average relative abundance (samples obtained from the Finnish and Swedish populations, respectively) (Table 2). It must be stressed that the
analyses of the three Swedish populations of L. borealis were
made with an earlier, less sensitive technique. Small amounts
of other compounds  0.2% may have passed undetected.
α-Pinene was the most common VOC in the headspace
scent sample of L. amabilis (47.8%), followed by two other
monoterpenes (β-pinene, 15.8%; (E)-β-ocimene, 14.6%)
and two sesquiterpenes (β-caryophyllene, 5.4%; unidentified sesquiterpene 1, 4.8%). The control samples showed
only the stabilizer from the ethyl ether and no interfering
compounds.
The samples of L. borealis from Raseborg not only presented high relative amounts of both α-pinene and β-pinene
(up to 48.9% and 12.8%, respectively), but were also rich
in benzenoids, notably 1,4-dimethoxybenzene and benzaldehyde (up to 39.4% and 24%, respectively). Samples from
Säffle, Särö Västerskog and Abisko, entirely comprised of
benzenoids, were dominated by 1,4-dimethoxybenzene and
anisaldehyde (up to 45.3% and 41.6%, respectively), but
also contained high relative amounts of 2-phenylethanol and
benzaldehyde. Chiral capillary gas chromatography revealed
that α-pinene present in the analysed samples of both species
consisted of 92–95% of the (-) form.
The total floral scent emission of L. borealis, calculated
from samples collected at Säffle, Särö Västerskog and Abisko,
ranged from an average of 1.61 to 6.55 ng h–1 per flower
(Table 3). Circadian variation in total scent emission was only
evident at Särö Västerskog and can be attributed to higher
amounts of nicotinaldehyde and 2-phenylethanol found in
nocturnal samples (Table 3).

Discussion
According to currently available published data (Knudsen
et al. 2006, El-Sayed 2016), monoterpenes, the main constituents in the headspace sample of Linnaea amabilis and
those of L. borealis collected at one of the four populations in
our study (Raseborg, Finland), are the most prevalent chemical class of floral scent VOCs, having been isolated in species belonging to all extant orders of flowering plants. The
flower fragrance of L. amabilis is indeed dominated by three
of the most common known plant VOCs – α- and β-pinene
and (E)-β-ocimene – all of which have been found as either
trace or dominant compounds in the scents of 60–71% of
the families of angiosperms (Knudsen et al. 2006). According to the same authors, the sesquiterpene β-caryophyllene,
the other identified dominant constituent in the scent of L.
amabilis, is also one of the 12 most frequent floral VOCs.
Perhaps related to their ubiquity, these four VOCs are hypothetically associated with generalist entomophilous pollination systems, because they could be attractive to a wide
assortment of potential pollinators (Dobson 2006). In fact,
according to the extensive Pherobase dataset (El-Sayed 2016),
they are involved in the chemical communication systems
of all dominant orders of anthophilous insects (Coleoptera,
Diptera, Hymenoptera, Lepidoptera), either as pheromones
or alomones. Although reports on pollinators of L. amabilis
are anecdotal, it is highly plausible that populations of this
species share similar reproductive strategies to those observed
for L. borealis, which is typically generalist and potentially
pollinated by a broad variety of flies, bees and other small
insects (Wilcock and Jennings 1999, Scobie and Wilcock
2009).
In contrast to the floral scent of L. amabilis, the fragrance
of L. borealis contains high relative amounts (over 5%) of
simple benzene derivates, specifically aldehydes (2), alcohols
(1) and ethers (1). The results shown in Table 2 and Fig. 3
refer to one representative analysis of a total of four. According to Knudsen et al. (2006), benzaldehyde and 2-phenylethanol are listed among the most common floral VOCs.
The typical smell of bitter almonds given off by flowers of
L. borealis is mostly due to high concentrations of benzaldehyde, which at a vapour pressure of 1 mm Hg at 26°C is
the most volatile of the benzenoid compounds in their perfume. 2-Phenylethanol, on the other hand, exhibits a typical
‘rosy’ fragrance and the somewhat anise-like odour also perceived in the floral scent of L. borealis, as reported by Nyman
(1867), could be attributed to anisaldehyde, a compound
originally described (together with its corresponding alcohol)
in Pimpinella anisum L. (Apiaceae). The aromatic bouquet
is completed by 1,4-dimethoxybenzene, whose odour is
described as intensely sweet.
From a chemoecological standpoint, all four benzene
derivates present as major constituents in the floral scent
of L. borealis have been identified as plant-derived and
behaviourally active compounds for a broad variety of
insects, either as attractants or deterrents (El-Sayed 2016).

5

6
mw
–
–
1.4
–
–
–
–
–
–
–
47.5
15.8
–
–
1.29
0.69
0.36
14.62
–
–
1.66
1.01
–
5.4
1.39
4.8
4.01

100
142
170
122
106
120
136
138
107
134
136
136
136
136
136
136
136
136
136
154
196
196
–
204
204
–
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4
13

diurnal

Total number of samples
Total number of compounds
Aliphatics
Alcohols
(Z)-Hex-3-en-1-ol
Esters
(Z)-Hex-3-en-1-yl acetate
(Z)-Hex-3-en-1-yl isobutyrate
Aromatic benzenoids
Alcohols
2-Phenylethanol
Aldehydes
Benzaldehyde
2-Phenylacetaldehyde
Anisaldehyde
Ethers
1,4-dimethoxybenzene
Nitrogen-containing compounds
Nicotinaldehyde
Monoterpenes
p-Cymene
(-)-α-Pinene
β-Pinene
Camphene
3-Carene
dl-Limonene
Myrcene
(Z)-β-Ocimene
(E)-β-Ocimene
γ-Terpinene
Eucalyptol
Lavandulyl acetate
Linalyl acetate
Unidentified monoterpene 1
Sesquiterpenes
β-Caryophyllene
Germacrene B
Unidentified sesquiterpene 1
Irregular terpenes
(E)-4,8-Dimethyl-1,3,7-nonatriene

Mölndal

Location

L. amabilis

Time of sampling

Species

–

1.43 +/–0.67
–
–

0.8 +/–0.1
26.2 +/–2.5
11.1 +/–1.1
0.20
0.38 +/–0.34
–
1.43 +/–0.13
–
–
1.78 +/–0.59
1.33 +/–1.05
–
–
1.60 +/–0.14

–

28.4 +/–8.0

16.6 +/–5.4
0.2 +/–0.1
3.9 +/–2.7

2.8 +/–2.1

0.6 +/–0.8
–

1.0 +/–0.8

4
17

diurnal

Raseborg

–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

4.7 +/–1.0

31.1 +/–6.3

9.5 +/–2.1
–
41.6 +/–7.9

–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

3.7 +/–1.2

45.3 +/–16.1

6.0 +/–2.5
–
36.7 +/–14.9

8.7 +/–4.3

–
–

–

5
5

nocturnal

Abisko

13.2 +/–2.6

–
–

–

6
5

diurnal

–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

4.0 +/–1.0

30.4 +/–10.8

8.8 +/– 1.0
–
39.5 +/–12.5

–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

3.0 +/–0.6

38.2 +/–14.6

8.5 +/–2.4
–
30.3 +/–9.1

20.0 +/–6.1

–
–

–

4
5

nocturnal

Säffle

17.2 +/–2.4

–
–

–

5
5

diurnal

L. borealis

9.3 +/–3.0
–
23.7 +/–6.0

–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

2.9 +/–0.9

–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

4.1 +/–0.8

34.7 +/–8.4 38.9 +/–10.7

14.2 +/–4.3
–
24.3 +/–4.1

24.0 +/–3.7

–
–

–

5
5

nocturnal

Särö

24.0 +/–4.3

–
–

–

6
5

diurnal

Table 2. The composition of floral scents of Linnaea amabilis and L. borealis (Caprifoliaceae). Floral scent samples were obtained by dynamic headspace during intervals of perceivable odour emission in the course of anthesis.

Table 3. Diurnal and nocturnal mean ( SD) floral scent emission (ng h–1 per flower) of Linnaea borealis (Caprifoliaceae) from wild populations in Sweden (refer to Table 1 for details). Differences between diurnal and nocturnal samples were statistically tested using Student's
t-tests, significance levels * p  0.05, ** p  0.01.
Särö
Time of sampling
Total no. of samples
Benzaldehyde
Nicotinaldehyde
1,4-Dimethoxybenzene
2-Phenylethanol
Anisaldehyde
Total scent emission

diurnal

Säffle

nocturnal

diurnal

diurnal

nocturnal

6

5

p

5

4

p

6

5

p

0.49  0.15
0.10  0.03
1.20  0.29
0.83  0.15
0.84  0.14
3.45  0.42

0.61  0.20
0.27  0.05
2.55  0.70
1.57  0.24
1.55  0.39
6.55  1.33

ns
*
ns
*
ns
*

0.26  0.03
0.12  0.03
0.90  0.32
0.51  0.07
1.17  0.37
2.96  0.72

0.14  0.04
0.05  0.01
0.63  0.24
0.33  0.10
0.50  0.15
1.65  0.33

**
*
ns
*
ns
ns

0.18  0.04
0.09  0.02
0.59  0.12
0.25  0.05
0.79  0.15
1.90  0.32

0.09  0.04
0.06  0.02
0.73  0.26
0.14  0.07
0.59  0.24
1.61  0.53

ns
ns
ns
ns
ns
ns

Like the monoterpenes dominating the scent of L. amabilis,
anisaldehyde, benzaldehyde, 1,4-dimethoxybenzene and
2-phenylethanol have been previously reported as common
constituents in the floral scents of several angiosperm species exhibiting generalist entomophily. It is noteworthy that
1,4-dimethoxybenzene is particularly well-documented in
perfume-rewarding plants, notably Neotropical Orchidaceae
(Williams and Whitten 1983, El-Sayed 2016, HetheringtonRauth and Ramírez 2016). According to Ramirez et al.
(2002), this floral VOC is involved in the attraction of no
less than 10 species of fragrance collecting male euglossine
bees (Apidae, Euglossinae).
It appears as if the most unique feature in the floral scent
of L. borealis is the presence of relatively high amounts (up to
over 4%) of nicotinaldehyde (= pyridin-3-carboxaldehyde).
This compound is actually one of only five pyridines known
(a)

Abisko

nocturnal

from floral scents (Knudsen and Gershenzon 2006) and
to our best knowledge it has been previously identified in
no more than four genera across distantly related families of eudicots (Crataegus and Rubus, Rosaceae; Hypecoum,
Fumariaceae; Conopodium, Apiaceae) (Knudsen et al. 2006,
El-Sayed 2016). No information is currently available in
regards to its eventual role in the chemical communication
systems of anthophilous insects.
Corroborating reports that date back to Linnaeus (1755),
Palmstruch and Venus (1802) and Nyman (1867), analysis of
headspace samples of L. borealis showed that flowers are also
fragrant during the night. As a matter of fact, at Särö Västerskog, flowers were found to emit more scent (both total emission and individual selected compounds) at evening hours
than during daytime. At the two other sites, diurnal and nocturnal scent emissions were not significantly different, even
(b)

Figure 3. Floral scent profiles of Linnaea amabilis and L. borealis (Caprifoliaceae). Stacked bars represent the mean of the scent composition
for each individual sample based on the relative amounts of (a) chemical subclasses (Knudsen et al. 2006) and (b) individual VOCs
constituting over 5% relative abundance in any of the analysed samples.
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though some floral VOCs were released in higher amounts
during daytime at Säffle (Table 2). Our own personal
interpretation is that differences in scent composition in
L. borealis are more strongly influenced by the unique scent
profiles of each individual, which in turn exhibited only discrete circadian variation. If indeed floral VOCs play a role in
the attraction of pollinators of L. borealis, future evaluations
of the reproductive ecology of this species should also include
observations of nocturnal visitors. For instance, Scandinavian
populations of the night-blooming orchid genus Platanthera (Orchidaceae) are associated with a broad diversity of
night-foraging moths, mainly sphingids (Sphingidae) and
noctuids (Noctuidae) (Nilsson 1978, 1983). Similarly to
L. borealis, the floral scents of Platanthera spp. exhibit high
relative concentrations of various benzenoids (Tollsten and
Bergström 1993), a class of floral scent constituents that
includes compounds known to elicit electroantennographic
and behavioural responses of night-active pollinating moths
belonging to the aforementioned families (Fraser et al. 2003,
Dötterl et al. 2006).
A comparison between, on the one hand, the four
Linnaea borealis populations, and on the other hand, L.
amabilis (Table 2, Fig. 3) shows that all L. borealis produce
large amounts of four benzenoids, which are totally lacking in L. amabilis. Nicotinaldehyde is not present in the
Finnish population of L. borealis, nor in L. amabilis. The
shared presence, in large amounts, of (-)-α- and β-pinenes
represents a great similarity between the Finnish L. borealis
and L. amabilis. The content of the common sesquiterpene
β-caryophyllene is also similar between them, and so is the
content of smaller amounts of the grass-smelling hexenyl
esters. The irregular terpene (E)-4,8-dimethyl-1,3,7nonatriene seems to be characteristic for L. amabilis,
and also the large amount of the common monoterpene
(E)-β-ocimene.
From a systematic and taxonomic angle, one can first
point out that flowering plants, and plants in general,
possess great flexibility in the biosynthesis of all the compounds identified here. On the other hand, if we consider
the different biosynthetic routes expressed, two major types
can be discerned. One is the benzenoid pathway which
is responsible for the major similarity between the four
L. borealis populations studied. The other one is the isoprenoid pathway giving rise to the similarities between the
Finnish L. borealis population and L. amabilis. We are then
faced with a situation where the Finnish L. borealis population in a sense stands between the three Swedish populations of that species and the other species L. amabilis. It
would be very interesting to obtain samples of L. borealis
from, say, northern and eastern Finland, for a further study
of this issue.
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