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Abstract

The evolution of pollen production in plant species has 

hardly been studied. I examined whether pollen produc-

tion and flower size of Peach-leaved Bellflower (Campan-

ula persicifolia)  varied with latitude and diversity of  oli-

golectic  solitary  bees,  along  a  north–south  transect 

across Sweden. I studied 12 populations of C. persicifolia 

at  different  locations along this  gradient.  Observational 

data  from  the  Swedish  Species  Information  Centre 

(ArtDatabanken) were used to estimate the historical di-

versity of the solitary bees in each province. Pollen pro-

duction (anther mass), petal and style mass, and flower 

number all varied significantly among populations. None 

of these were linearly correlated to bee diversity or latit-

ude, while some were non-linearly correlated to latitude, 

peaking at around 59° N. Several traits were correlated 

with each other, including flower number per shoot and 

shoot  height.  A  common  garden  experiment,  where 

seeds from different regions are grown under the same 

conditions, would have to be conducted in order to de-

termine  whether  phenotypic  differences  among  natural 

populations reflect genetic differentiation.  Also, field ex-

periments  could  be  conducted  to  determine  if  the  ob-

served differences reflect variation in optimal flower mor-

phology at the different sites.

Introduction

The evolution of  pollen production within  plant  species 

has seen little study. Pollen is costly for a plant to pro-

duce, and at the same time it is absolutely essential for 

its  reproduction.  For  a  hermaphroditic  plant,  producing 

too much pollen when the reproductive resources are lim-

ited might have a detrimental effect on female function – 

there  is  a  trade-off  between male  and female  function 

(Harder and Thomson, 1988, Kohn, 1989). Therefore, se-

lection should strongly favour a fine-tuned, optimum pol-

len  production.  Selection  will  also  favour  mechanisms 

which increase pollen transfer rate. For animal-pollinated 

species, the interaction with the pollinator is central for 

maximizing pollen transfer rate.  Campanula species and 

their  specialized  solitary  bee  pollinators  constitute  a 

flower-pollinator system suitable for studies of evolution 

in pollen production. In particular, for studies of the evolu-

tionary effects of large pollen removal, and consumption, 

on pollen production.

Species  of  the  genus  Campanula have  bell-shaped 

flowers with secondary pollen presentation. This means 

that the pollen is not presented to pollinators on the an-

thers. Instead, the five anthers shed their pollen onto the 

pollen-collecting  hairs  of  the  style  (see  Fig.  1),  sim-

ultaneously with, or just before, the opening of the bud 

(Shetler 1979, Nyman, 1992, D.  Naylor, personal obser-

vation). After having deposited their pollen, the stamens 

wilt. Visiting pollinators come into contact with the pollen 

on the style. For more information on the mechanisms of 

secondary  pollen  presentation  in  Campanula,  see  Sh-

etler,  1979,  Nyman,  1992  and  1993,  and  Erbar  and 

Leins, 1989.

Visiting pollinators interact with the style in different ways, 

depending  on  their  size.  Large  pollinators  such  as 

bumble bees will tend to passively brush against the style 

with their upper fur while attempting to reach the nectar-

ies  at  the  base  of  the  bell-shaped flower.  Small  polli-

nators, including solitary bees, must land or crawl directly 

on the style to come into contact with the pollen.

In Sweden there are ten solitary bee species oligolectic 

for, i.e. specialized and with a preference to collect pollen 

exclusively from, Campanula flowers (L. Anders Nilsson, 

personal  communication).  These  species  collect  pollen 

by scraping a backwards-facing brush on the anterior of 
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Fig. 1. Bee of the species Andrena curvungula collecting pollen 
from the  stylar  hairs  of  a  Campanula  persicifolia flower.  The 
withered anthers can be seen just below the bee. Photo: L. An-
ders Nilsson.



the  abdomen against  the  pollen-collecting  hairs  of  the 

style  (Janzon,  1983).  In  the  presence  of  such  solitary 

bees, pollen production is under consumer stress. Pollin-

ation by these bees depends on untidy harvesting rather 

than being a by-product of nectar foraging, as is the case 

with bumble bees.

A study of a flower–pollinator system consisting of Cam-

panula rapunculus and mainly two oligolectic bee species 

(Chelostoma campanularum and  Ch. rapunculi)  in Ger-

many has shown that these bees can have a great im-

pact on pollen availability in the population (Schlindwein 

et al., 2005). The study showed that 95.5% of the pollen 

was  removed  from the  flowers  by  the  bees,  and  was 

used to feed offspring. Even so, pollen transfer was high 

enough to result in 100% fruit set, and a very high seed 

set. (The mean number of seeds produced turned out to 

be higher than the mean number of ovules per flower, 

presumably owing to different flowers being used to cal-

culate the two statistics.)

The high rate of pollination  observed for  C. rapunculus 

may partly have been due to the setae (hair-like struc-

tures) positioned along the midribs of the corolla lobes. At 

the beginning of the functional male phase in C. rapuncu-

lus, these effectively divide the bell into five sections. The 

female solitary bees generally restricted their visit to one 

compartment, possibly resulting in a lower removal rate 

and higher visiting rate compared to Campanula species 

without  the  dividing  setae  (Schlindwein  et  al.,  2005). 

Campanula persicifolia does not have setae along the co-

rolla lobe midribs, and may therefore have a lower rate of 

pollen transfer than C. rapunculus.

There is a south–north gradient in diversity of bees oli-

golectic for Campanulas in Sweden (L. Anders Nilsson, 

personal  communication).  The  abundance  of  the  oli-

golectic  bees  is  likely  to  increase  with  their  diversity, 

however, there is no direct evidence of this relationship. 

The gradient of bee diversity may, if coupled to abund-

ance, have caused a gradient in the selective pressure 

for  increased  pollen  production  and/or  other  adaptive 

measures. There are several possible ways in which  C. 

persicifolia  could have adapted to such a gradient. One 

way could be through increased pollen production in the 

south,  and  decreased  pollen  production  in  the  north, 

either per flower or per shoot, assuming that the propor-

tions of pollen consumed and transferred are constant or 

nearly constant. However, there is no evidence in support 

of such an assumption. Another, perhaps more probable, 

way would be for C. persicifolia in the south to spread the 

pollen production over a larger number of  flowers than 

those in the northern populations, i.e. having a reduced 

amount  of  pollen  per  flower,  but  a  similar  amount  per 

shoot. Such an adaptation could increase the visitation 

and pollen transfer rates.

This study attempted to establish whether pollen produc-

tion and flower morphology in C. persicifolia vary with lat-

itude or bee diversity across Sweden.

Methods

Study species
Campanula  persicifolia (Peach-leaved  Bellflower,  see 

Fig. 2) is a perennial herb distributed throughout central 

and eastern Europe, and as far west as France, England 

and  Scotland  (Hultén  and  Fries,  1986, Janzon,  1983). 

The herb usually becomes 40–80cm tall  and produces 

2

Fig. 2. Flowers of the Peach-leaved Bellflower (Campanula per-

sicifolia), Lilla Silpinge, Blekinge. Photo: David Naylor.



blue, bell-shaped flowers. It flowers during June and July, 

often  growing  in  meadows,  in  woodlands  and  along 

roads.  It  is  common  in  southern  and  central  parts  of 

Sweden, and exists as far north as Ångermanland. (Sten-

berg and Mossberg, 1992)

Of the Campanulas, I chose C. persicifolia because of its 

relatively wide distribution in Sweden as well as its large 

size. The former meant that any latitudinal differentiation 

should be possible to detect. The latter made it relatively 

easy to find and study.

Study sites
I  studied  twelve  C.  persicifolia  populations  in  eastern 

Sweden, relatively evenly spread out from south to north 

(between lat. 56° N and 63° N, see Fig. 3 and Table 1). In 

general,  I  selected  populations  that  consisted  of  more 

than 40 individuals. However, populations 6, 8, 11 and 12 

were smaller because there were only small populations 

in the local area. Populations close to large or busy roads 

were  avoided  because  of  the  disturbance  the  roads 

would likely cause to any bee populations present. For 

each  population,  the  surrounding  vegetation  and  also 

GPS coordinates were recorded, and the population size 

was estimated.

The populations were studied in succession from south to 

north, in an attempt to study the populations at roughly 

equal  stages  in  floral  development.  The  population  on 

Öland  was  studied  first,  since  I  knew in  advance that 

herbs growing there tend to open before those growing in 

Skåne and Blekinge (L. Anders Nilsson, personal com-

munication).

Bud and seed capsule sampling
The method for selecting C. persicifolia individuals at ran-

dom  was  chosen  depending  on  the  shape,  size  and 

density of the populations. Most patches were linear and 

relatively narrow. Here every  nth  individual, appropriate 

for sampling, along the patch was chosen. n was adapted 

to the size of the local patch so as to get an evenly dis-

tributed  sample.  Two  populations  (2,  Skåne,  Brösarp, 

and  9,  Hälsingland,  Freluga)  were  more  irregular.  For 

population 9 a 20 m long and 0.5 m wide transect was 

used,  and  every  nth individual  along  the  transect  was 
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Fig. 3. Map of Sweden showing the locations of the twelve popu-
lations  selected  for  the  study.  The  population  numbers  cor-
respond to the order in which the populations were visited and 
sampled.

Table 1. Overview of studied populations, listed in the order they 
were visited and sampled, with position coordinates.

Pop.
Province,
Place Name Lat., °N Long., °E

1 Öland, Gråborg 56° 40' 15.51267" 16° 35' 55.44167"
2 Skåne, Brösarp 55° 43' 17.46516" 14° 7' 36.97954"
3 Blekinge, Lilla 

Silpinge
56° 16' 54.91050" 15° 10' 53.13498"

4 Östergötland, 
Mjölkvik

58° 2' 40.32557" 15° 41' 30.24582"

5 Södermanland, 
Djupvik

58° 45' 12.09452" 17° 7' 20.64018"

6 Södermanland, 
Nykvarn

59° 8' 51.29930" 17° 27' 33.52520"

7 Uppland, Ola 60° 1' 36.53755" 18° 14' 28.00223"
8 Gästrikland, 

Utvalnäs
60° 44' 57.76980" 17° 20' 8.15134"

9 Hälsingland, 
Freluga

61° 19' 29.47916" 16° 17' 22.30695"

10 Hälsingland, 
Lingarö

61° 43' 43.84731" 17° 14' 25.33874"

11 Medelpad, Hov 62° 24' 10.40324" 17° 7' 26.27803"
12 Ångermaland, 

Körning
62° 55' 47.16512" 18° 16' 38.11867"



sampled.  Population  2  was  divided  into  four  roughly 

equal squares and ten plants were selected from each 

square. This was because of its small and roughly circu-

lar distribution, which made a transect difficult to apply.

When several shoots were standing very close together 

(< 5 cm apart  at  the base) only one was sampled and 

measured for the study, to avoid sampling several shoots 

from the same individual.

For this study it has been assumed that anther dry mass 

per flower is highly correlated to pollen grain number and 

mass (per flower). A similar correlation has been shown 

for  Ipomopsis  aggregata,  where  stamen dry  mass has 

been found to correlate to pollen grain number (r = 0.75, 

Campbell,  1992).  Since the stamen of  I.  aggregata  in-

cludes a filament which is many times the length of the 

anther sac (Diane Campbell,  personal  communication), 

the  correlation  between  anther mass  and  pollen  grain 

number can be expected to be stronger for angiosperms 

in general.

Forty individuals from each of  the 12 populations were 

sampled, between 29 June and 16 July 2005. Popula-

tions 6, 8, 11 and 12 did not have 40 individuals of  C. 

persicifolia suitable for  sampling.  The populations were 

sampled in the order indicated by the population num-

bers, see Fig. 3. One flower bud was collected from each 

shoot, and the position of the bud along the shoot was re-

corded.  The  top  bud  was  avoided  as  far  as  possible, 

since it  often differs  from buds further  down regarding 

pollen production (L. Anders Nilsson, Jon Ågren, person-

al communication). Because the deposition of pollen onto 

the style happens virtually simultaneously with the open-

ing of  the bud,  only  flower buds which were still  com-

pletely closed could be collected for the study. If a shoot 

had several closed buds, the bud which appeared most 

mature was chosen, in order to minimize variation due to 

differing  levels  of  phenological  development  between 

shoots. Shoots that had no closed buds, or that only had 

buds which were very small (i.e. at early stages of devel-

opment), were not sampled. Shoot height and the num-

ber of buds and open flowers were also recorded.

The buds were cooled immediately after being sampled 

and were stored in Eppendorf tubes at -18°C. Each bud 

was  later  thawed and divided  into  petals,  anthers  and 

style. Any herbivory of the bud was scored as 1 for “vis-

ible herbivory”, or 0 for “no visible herbivory”. Buds which 

were scored as 1 were excluded from the study, since 

any morphological data collected from these buds could 

be  misleading.  Pollen  production  per  shoot  was  esti-

mated by multiplying the measured anther mass by the 

number of flowers on the shoot.

The floral parts were dried separately for a minimum of 

24 hours at 70°C and subsequently weighed (using Met-

tler  Toledo  AT261  DeltaRange  scales).  Anthers  and 

petals were weighed collectively for each bud.

Seed capsules were collected from 11 of the 12 popula-

tions, between 1 and 6 August 2005. One of the initial 12 

populations  (1,  Öland,  Jordtorpsåsen)  could  not  be 

sampled  because  all  available  seed  capsules  had 

already  opened.   At  each  location,  two  capsules  from 

each  of  30 individuals  were  collected (when possible). 

Only  seed capsules which were still  completely  closed 

were collected, so that all seeds would remain in the cap-

sule.

The  capsules  were  cooled  after  collection  and  sub-

sequently  stored  at  -18°C in  Eppendorf  tubes  pending 

further  examination.  Each  capsule  was  later  dried  at 

70°C for  a  minimum of 48 hours and weighed. Before 

weighing, any remaining petals and sepals (the separate, 

usually green, parts covering the petals at early stages of 

bud development) were carefully removed. This was ne-

cessary in order to obtain a comparable mass for all cap-

sules,  since most petals and some sepals already had 

fallen off. For each capsule, 100 seeds were counted and 

weighed in order  to  determine mean seed mass.  Sub-

sequently all seeds from the capsule were weighed, and 

the number of seeds in each capsule was estimated by 

dividing the total seed mass by the mean seed mass.

Unfortunately, seed mass data were not gathered for one 

of the locations (7, Uppland, Ola) and only partly for an-

other (3, Blekinge, Lilla Silpinge).

Seed predation was scored for each capsule on a scale 

from 0 to 3, where 0 corresponds to “no visible predation” 

and 3 to “all or almost all seeds consumed”. Seed cap-
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sules that scored 1, 2 or 3 were excluded from the study, 

since any morphological data collected from these cap-

sules would likely be misleading.

Bee species data
Data  from  the  Swedish  Species  Information  Centre 

(ArtDatabanken) were used to  determine how many of 

the 10 bee species oligolectic for  Campanula (Andrena 

bicolor (2nd generation),  Andrena curvungula,  Dufourea 

dentiventris,  Dufourea  inermis,  Melitta  haemorrhoidalis, 

Melitta  wankowiczi,  Chelostoma  campanularum,  Chel-

ostoma rapunculi, Hoplitis mitis and Megachile willughbi-

ella  janssoni) are or have been present in  the studied 

provinces.  The data consists of  the latest  observations 

for  the  different  species  in  each  province  of  Sweden. 

From these  data,  two  alternative  statistics  were  calcu-

lated:  oligolectic  bee  diversity  post-Linnaeus,  and  oli-

golectic bee diversity post-1980. The former includes all 

species observed since the records first started, and the 

latter  includes any observations made since the begin-

ning of year 1980.

Statistical analysis
Anther mass per flower and per shoot,  style and petal 

mass per flower, capsule mass, seed mass per capsule, 

seed number as well  as the level  of capsule predation 

were  analysed  using  one-way  ANOVA  to  identify  any 

variation between populations (Minitab 14,  Minitab Inc. 

2005). Kruskal-Wallis analysis was used as an alternative 

to ANOVA, for  variables that did not  meet the require-

ments  of  ANOVA:  shoot  height,  flower  number,  mean 

seed mass and capsule predation.

A Pearson correlation matrix was created on the basis of 

population means for all variables. For tests of correlation 

with the provincial bee species counts,  the populations 

were pooled per province.

Linear  regression  was  performed for  anther,  style  and 

petal mass per flower, as well as for shoot height, flower 

number, seed number (per capsule), mean seed mass, 

seed mass per capsule, capsule mass, and bud and cap-

sule predation against latitude and the two measures of 

bee  diversity.  When  testing  against  bee  diversity,  the 

variables were pooled per province.

Polynomial (quadratic) regression was performed against 

latitude for anther,  style and petal  mass per flower,  as 

well  as shoot height, flower number, seed number (per 

capsule), mean seed mass, seed mass per capsule and 

capsule mass. This was done to find any non-linear rela-

tionships to latitude.

The two measures of  oligolectic bee diversity were re-

gressed against the mean latitude for each province. The 

mean latitude was visually determined from a map, taking 

into consideration the distribution of the land area of each 

province.

Results

Variation in bee diversity
The oligolectic bee diversity was strongly negatively cor-

related to the mean latitude of the studied provinces, both 

post-Linnaeus  and  post-1980.  Post-Linnaeus  diversity 

displayed a slightly closer fit (see Fig. 4) than post-1980 

diversity (see Fig. 5). The number of observed oligolectic 

bee species post-Linneaus ranged from 7 in Skåne to 1 

in Ångermanland. Post-1980 diversity ranged from 6 spe-

cies in Skåne to 0 in Medelpad, while there was 1 ob-

served species in Ångermanland.

Among-population variation in floral characters
Anther mass per flower (see Fig. 6) and anther mass per 

shoot (ANOVA, p < 0.0005, R2 = 32.18%) varied signific-

antly  between  the  12  populations.  Populations  also 

differed significantly with regard to petal and style mass 

per  flower  (ANOVA,  p < 0.0005,  R2 = 13.55%  and 

p < 0.0005,  R2 = 26.71%,  respectively),  and  petal  and 

style mass per shoot (p < 0.0005,  R2 = 26.35% and  p < 

0.0005,  R2 = 30.41%).  Shoot  height  and  number  of 

flowers per shoot (open and closed) also differed signific-

antly  among  populations  (Kruskal-Wallis,  p < 0.0005, 

DF = 11,  H = 148.16  and  p < 0.0005,  DF = 11, 

H = 103.28, respectively).

Seed  number  per  capsule  and  mean  seed  mass  (per 

seed) both varied significantly between populations. (AN-

OVA,  p = 0.024,  R2 = 7.99%  and  Kruskal-Wallis, 

p < 0.0005,  DF = 9,  H = 61.32 respectively.) Seed mass 
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(per capsule) did not vary significantly between popula-

tions while  capsule  mass  did  (ANOVA,  p = 0.029, 

R2 = 8.21%).

Correlations among morphological characters
I  found  several  correlations  among  the  morphological 

variables.  Shoot  height  was  positively  correlated  with 

flower  number  per  shoot (Pearson  correlation,  N = 12, 

p = 0.004,  r = 0.764),  anther  mass  per  flower  (N = 11, 

p = 0.003,  r = 0.799)  and  mean  seed  mass  (N = 10, 

p = 0.042,  r = 0.650).  Anther  mass  per  flower  was  not 

correlated to flower number (Pearson correlation, N = 11, 

p = 0.098,  r = 0.524).  Petal  and  style  mass,  and  seed 

number per capsule were not significantly correlated to 

shoot  height  (N = 11,  p = 0.083,  r = 0.545;  N = 11, 

p = 0.054 r = 0.594; N = 11, p = 0.519, r = -0.218). (From 

population 8 (Gästrikland, Utvalnäs), all except two buds 

had  been  subject  to  herbivory,  leading  to  too  small  a 

sample size for Minitab 14 to calculate a population mean 

for the variables anther, petal and style mass.)

Petal  and  anther  mass  were  both  correlated  to  style 

mass (N = 11, p = 0.012, r = 0.722 and N = 11, p = 0.006, 

r = 0.769  respectively).  Petal  mass  and  anther  mass 

were  not  significantly  correlated  (N = 11,  p = 0.092, 

r = 0.532).

Morphology vs. latitude and bee diversity
The highest shoot height, anther mass, seed mass and 

style mass were recorded in populations at intermediate 

latitudes, between  58° 46'  N and 60° 0' N  (significant 

negative quadratic terms in polynomial regressions; Figs. 

7–10).

The number of open flowers per shoot decreased with in-

creasing post-Linnaeus and post-1980 bee diversity (lin-

ear  regression,  p = 0.037,  R2 = 43.8%,  and  p = 0.009, 

R2 = 59.8%,  respectively),  and  increased  with  latitude 

(see Fig. 11). The total number of flowers and buds per 

shoot was not correlated to latitude or bee diversity.

Anther mass per flower and anther mass per shoot were 

not  related to latitude or oligolectic bee diversity,  post-
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Linnaeus or  post-1980.  Similarly,  petal  and style mass 

per flower, and petal and style mass per shoot, were not 

significantly correlated to latitude or either of the bee di-

versity statistics.

Mean seed mass, seed mass per capsule, seed number 

(per capsule) and capsule mass were not correlated to 

latitude or either of the bee diversity statistics.

Predation
Many of the sampled buds had been partly consumed by 

insect  larvae,  seemingly  of  one  (unidentified)  species 

only. The sampled capsules had been subject  to  seed 

predation by at least two different species. The frequency 

of  bud herbivory was significantly  correlated to latitude 
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Fig. 9. Population means for mean seed mass (per seed) plotted 
against latitude (polynomial regression,  p = 0.046,  R2 = 58.4%). 
Regression equation: mean seed mass = -3758 + 127.2 latitude 
- 1.060 latitude2.
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(Pearson correlation,  variables log-transformed for  nor-

mality, N = 12, p = 0.010, r = 0.711), while the mean level 

of seed predation per population was not (variables log-

transformed, N = 11, p = 0.410, r = -0.277), and bud and 

seed predation were not correlated to each other (vari-

ables log-transformed, N = 11, p = 0.206, r = -0.414).

Discussion

Main conclusions
The diversity of oligolectic bees decreased with latitude in 

the studied provinces. No clear evidence was found of an 

evolutionary response in the pollen production of C. per-

sicifolia to the diversity gradient of oligolectic bees. The 

number of flowers open per shoot did increase signific-

antly with latitude, and was negatively correlated with bee 

diversity. This, though, could be the result of the popula-

tions being visited and sampled from south to north. Sev-

eral morphological variables, including shoot height, an-

ther mass and seed mass, peaked at around 59° N, pos-

sibly indicating phenotypic plasticity or an adaptation in 

the herb at that latitudinal range.

Oligolectic bee diversity gradient
The data from the Swedish Species Information Centre 

(ArtDatabanken)  show  that  the  diversity  of  oligolectic 

bees is highly negatively correlated with latitude. While 

the data used is only a coarse measure of diversity,  it 

does give the necessary historical perspective, with the 

earliest  observations  dating  back  to  the  middle  of  the 

18th  century.  Visit  frequency data would have given a 

better picture of the present situation, but might not have 

helped reveal any long-term relationships between pollen 

production and the pollen-consuming bees.

Adaptations to oligolectic bees
No correlation could be found between anther mass or 

flower  number  and  oligolectic  bee  diversity,  indicating 

that  geographic variation in diversity of oligolectic bees 

has not caused any differentiation of pollen production in 

C. persicifolia within the geographical area studied.

A study by Blionis and Vokou (2001) showed that  Ch. 

campanularum is the dominant visitor of C. persicifolia on 

mount Olympos in Greece (46% of observed visits). The 

situation is similar in Sweden, where 65% of visits were 

made by  Ch. campanularum (Janzon, 1983). This wide 

geographical distribution of the bee may be an indication 

of the two species having coexisted in Europe for a long 

time; long enough for the herb to have adapted to the re-

moval of pollen caused by Ch. campanularum. However, 

the oligolectic bees may not have coexisted with C. persi-

cifolia for long enough in Sweden for the herb to adapt to 

the gradient of bees present, or the gradient of species 

may not have been stable enough to cause an evolution-

ary  response  pattern  in  the  herb.  Alternatively,  the 

abundance  of  oligolectic  bees  has  not  been  positively 

correlated to diversity. A third explanation could be that 

the genetic exchange of C. persicifolia across Sweden is 

too great for any regional differentiation to occur.

The number of open flowers was positively correlated to 

latitude (see Fig.  11),  as well  as to the number of  oli-

golectic bee species. This could be interpreted as indicat-

ing an adaptation to the scarceness of oligolectic bees in 

the  north.  A  smaller  number  of  open  flowers  (in  the 

south) could possibly increase the number of visits made 

by the oligolectic bees,  by more often preventing them 

from  collecting  full  pollen  loads.  Thereby,  the  pollen 

transfer rate  could be increased. The correlation could 

also be attributed to the differing lengths of the growth 

season, from 160–170 days for population 12 to 200–210 

days for populations 1, 2 and 3 (Sveriges Nationalatlas, 

2004). The northernmost populations may have adapted 

to  the  shorter  seasons  by  evolving  more  concentrated 

flowering.  However,  the  correlation  found may also  be 

because of the methods used: the populations were vis-

ited and studied in succession from south to north, which 

led to  the northernmost  population (12,  Ångermanland, 

Körning)  being  sampled  18  days  after  population  1 

(Öland, Gråborg). The date of first flowering for the north-

ernmost and southernmost populations may not differ by 

as much as 18 days, which would mean that the popula-

tions were not sampled at comparable stages of floral de-

velopment. A common garden experiment would be ne-

cessary to establish whether flowering phenology varies 

with latitude.

Differences in abiotic factors such as soil quality, precipit-

ation and/or exposure to the sun may contribute to vari-

ation in anther mass among populations. The same can 
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be said for petal and style mass per flower and shoot, 

which also varied significantly between populations, but 

did not show any signs of having been affected by bee di-

versity.  If  the  presence of  oligolectic  solitary  bees had 

caused selection for increased pollen production, the fe-

male functional traits could be expected to evolve in the 

opposite direction as a result of resource limitation and 

trade-off (Harder and Thomson, 1988, Kohn, 1989).

Seed production
Moles and Westoby (2003) found that species with wide 

latitudinal  ranges  were  more  likely  to  produce  signifi-

cantly larger seeds closer to the equator than those with 

narrow ranges. Species spanning less than 11° latitude 

had less then 50% chance of displaying a significant rela-

tionship. My  study of  C. persicifolia which spanned 6.3° 

latitude revealed  no  such  relationship  between  seed 

mass and latitude.

Morphological correlations
Correlations were found between several morphological 

traits.  Flower  number,  anther  mass  (per  flower)  and 

mean seed mass were all correlated to shoot height. Pet-

al and anther mass were both correlated to style mass, 

but not to each other. The latter is quite the opposite of 

what  has been found in  previous studies.  Stanton and 

Preston  (1988)  found  corolla  size  in  Wild  Radish 

(Raphanus sativus) to be positively correlated to pollen 

allocation per flower, and there was only a weak pheno-

typic relationship between corolla size and several meas-

ures of female allocation. The secondary pollen presenta-

tion of  C. persicifolia may be the reason for the unusual 

patterns found, since the male function (pollen presenta-

tion and dispersal) is reliant on the development and size 

of the style.

Regional adaptation or phenotypic plasticity
The fact that anther mass, style mass, shoot height and 

mean seed mass peaked at  intermediate latitudes has 

two possible explanations. It may be the result of pheno-

typic plasticity (phenotypic variation caused by variation 

in environmental influences) in the herb. Alternatively, it 

may be the result of a regional genetic adaptation in the 

herb. A combination of the two is also possible. To de-

termine whether or not these patterns are persistent, the 

populations would have to be studied over several years. 

A common garden experiment  could establish whether 

genetic differences are causing the observed patterns.

Predation
Herbivory on the buds increased with increasing latitude. 

There  could  be  several  explanations  for  this.  The 

simplest would perhaps be that the observed herbivore is 

better  adapted  to  the climate  in  northern Sweden and 

hence is more common in those regions. Another pos-

sible  explanation  may  be  the  methodology  used.  The 

northernmost populations were studied 18 days after the 

first populations in the south, which may have made the 

herbivores easier to detect, owing to their being further 

developed. A more in-depth study focusing on herbivory 

would presumably cast some light on this issue.

Further studies needed
The peaks observed at intermediate latitudes for  shoot 

height,  anther mass, mean seed mass and style mass 

are interesting,  and require further investigation for  the 

underlying  reasons  to  be  determined.  The  correlation 

between number of open flowers and latitude also needs 

to be verified. By conducting a common garden experi-

ment it would be possible to determine whether the ob-

served differences in number of open flowers and flower 

morphology  have  a  genetic  basis.  Field  experiments 

could also give further information as to whether the ob-

served differences reflect variation in optimal flower mor-

phology at the different sites.
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