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Summary. Carduus pycnocephalus and C. tenuiforus are two 
important weed species in mediterranean-type ecosystems. 
They were studied in their native habitat in southern France 
from April to December 1981. 

These species both produce two types of seed (achenes) 
in each capitulum. Those in the center are not dormant 
and are easily dispersed, while the outer ones can be dor- 
mant and have no apparent means of dispersal. Our obser- 
vations on pollen transfer and self fertilization show that 
the dispersable, non dormant seeds have a low probability 
of inbreeding, while the potentially dormant, non dispersed 
seeds have a high probability of inbreeding.The significance 
of this dimorphism is discussed. 

Introduction 

Slender thistles (Carduus pycnocephalus L. and C. tenuiflor- 
us Curt.) are two closely related species found as native 
in disturbed habitats in southern and western Europe. They 
also occur as weeds of economic importance in grazing 
lands with a mediterranean type of climate in Australia 
and California (Currie 1935; Dunn 1977; Parsons 1979). 
Both species are winter annuals, reproducing and persisting 
by seed. Their germination ecology (Bendall 1973; Parsons 
1977; Evans et al. 1979) and dispersal (Sheldon and Bur- 
rows 1973; Parsons 1977) have been studied in some detail. 
In both species there are two types of seed, found in differ- 
ent positions inside the capitulum: the outer seed being 
of a non dispersing form, with variable dormancy (Parsons 
1977), and the inner ones dispersable via a pappus, and 
with a water-soluble germination inhibitor allowing rapid 
germination when sufficient moisture is available (Bendall 
1973). 

Despite their economique importance, little is known 
of the reproductive strategy of these thistles. This study 
investigates the extent of self fertilization in the two species, 
and attempts are made to relate their reproductive system 
to their seed dimorphism and colonizing strategy. 

Materials and methods 

The two species were studied at Montpellier and La Crau, 
in southern France from April to December 1981. 

1. The seed dimorphism was assessed by examining seed 
color, presence or absence of striations and pappus, and 
stickiness of 50 ripe capitula collected from the field sites. 
Outer and inner seeds were counted in each capitulum. 
Seeds collected in April were dried for 15 days and then 
set to germinate in a phytotron. Germination rates of outer 
and inner seeds were compared. In October further capitula 
were collected (having fallen to the ground). Outer seeds 
from these capitula were also set to germinate after 15 days 
of drying. 60 seeds were used in each germination test and 
phytotron conditions were 15? C, 12 h photoperiod and 
90% RH. 

2. The floral morphology and phenology of 50 plants 
of each species were studied in April and May, their normal 
flowering season (Parsons 1977). 

3. Tests of self compatibility were carried out on 10 
individuals of each species. Flowering stems bearing only 
unopened, immature capitula were separately enclosed in 
paper bags. After opening, each capitulum was self pollin- 
ated and enclosed in its bag until seed set. Twenty-three 
capitula were collected (1 or 2 per plant) and the seeds they 
contained were germinated in the same conditions as de- 
scribed above. Ripe capitula formed outdoors under natural 
conditions were also collected for comparison. The growth 
of plants from inbred seeds (20 plants of C. tenuiflorus and 
18 of C. pycnocephalus) was compared with that of plants 
from naturally produced seeds, under the same conditions 
of growth in the greenhouse: 200 C, 12 h/12 h photoperiod, 
90% RH. The growth was estimated using a growth index, 
G, defined as G = (1(t) - I(O))/I(O), with I(t) = foliar index 
at the date t (here t= 2 months, and 0 = 2 weeks): 

n 

I(t) = I L(j) x I(j), 
j=1 

LO) = maximal length and 1() = maximal width of the leaf 
j, n =number of leaves at the date t. (I(t) has been shown 
(Olivieri 1982 & in prep.) to be strongly correlated with 
the foliar surface). 

4. The possible dispersion of pollen was examined exper- 
imentally for Carduus pycnocephalus using micronised fluo- 
rescent dust (Stockhouse 1976) as a pollen tracer. The ex- 
periment was carried out three times, on calm days. On 
the first two occasions dust was placed carefully on the 
dehiscing anthers of several central florets (3 to 7) of single 
capitula on well-spaced plants (at least 100 m, which is far 
enough to eliminate the possibility of pollen transfer bet- 
ween the dusted plants), between 8:00 and 9:00 am. The 
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dust was applied by inverting the capitula into small tubes 
of dust. On the third occasion this technique was refined 
so that only one floret on each capitulum was marked. 
On each of the days, the marked capitula and unmarked 
ones nearby were examined for dust dispersal one hour 
after sunset, using a Blackray ultra-violet lamp. Previous 
studies, using choice test, had shown that honey bees (the 
main pollinators - see Appendix 1 and 2) did not discrimi- 
nate between dusted and undusted capitula of several Com- 
positae (Swan, in prep.). Exclusion cages were used as a 
control to test for the non dispersal of the dust when polli- 
nators were excluded from dusted capitula. 

Results 

1. Seed dimorphism 

Inner and outer seeds differ both in morphology and physi- 
ology (Bendall 1973; Parsons 1977). The inner seeds are 
cream-coloured, striated, sticky, and bear a pappus which 
aids wind dispersal, while the outer seeds are darker, with- 
out striations or stickiness, and without a pappus. The outer 
seeds are not normally released from the capitula, and we 
noted that they often germinate in the involucre after its 
abscission. In some cases (about I %), an intermediate form 
was found, showing all the features of inner seeds on one 
side and all the features of outer seeds on the other face, 
and with a partially developed pappus. This type of inter- 
mediate seed was also found in Australia by Bendall (1973). 

The rate of germination of seeds collected in April 
ranged from 87 to 98% for both types of seeds. However, 
while this germination rate was attained in less than 5 days 
by the inner seeds of both species, it took 3 weeks for the 
outer seeds. When the outer seeds were collected at the 
beginning of the germination period, in October, from capi- 
tula laying on the ground, they showed a much lower germi- 
nation rate of 33%. 

Seed production in both species in southern France was 
usually 2 or 3 outer and 11 or 12 inner seeds per capitulum, 
with the range being 0 to 8 and 6 to 25 respectively. The 
average proportions were 14% outer seeds in C. pycnoce- 
phalus and 15% in C. tenuiflorus. These figures are very 
similar to those obtained by Bendall (1973) in Australia. 
However, it seems that the ratio outer/inner seeds may 
differ between populations (Olivieri, in prep.). 

2. Floral biology 

The capitula of both species showed centripetal develop- 
ment, the outer florets developing first, in common with 
other Compositae (Heywood 1978). No morphological dif- 
ferences were noted between the inner and outer florets, 
all of them being tubular, hermaphrodite and protandrous. 
The flowering sequence starts with the outer florets entering 
the staminate stage. This is followed by the pistillate stage, 
which in 70% of the 300 observed capitula coincides with 
the anthesis of the inner florets. Thus in the majority of 
cases, outer florets can be selfed with pollen from the same 
capitulum. The inner florets can receive pollen only from 
other capitula, resulting in their having a higher probability 
of outcrossing. However the possibility of selfing by any 
remaining pollen, when the style elongates through the tube 
formed by the anthers and the corolla, cannot be ruled 
out. Since the capitula show all the features of entomophi- 

Table 1. Mean (x) and standard deviation (sad of the number of 
seeds produced per self- and free-fertilized capitulum (sample size = 

n) of Carduus pycnocephalus (C.p.) and Carduus tenuiflorus (C.t.) 

Spe- Seed Mode of fertilization Man- 
cies type Whitney 

self free U-test 
(Siegel 

n x sd n x sd 1956) 

C.p. inner 12 6.1 5.4 65 12.4 3.6 Z=3.53 
p<0.002 

outer 12 1.7 1.3 65 2.1 1.0 Z= 1.47 
NS 

C.t. inner 1 1 5.3 3.0 30 11.2 3.0 Z=4.2 
p<O.OOO5 

outer 1 1 2.6 1.5 30 2.3 2.0 Z=0.7 
NS 

Table 2. Fluorescent dust transfer as a measure of self-pollination 
within individual capitula of Carduus pycnocephalus 

Number Rate 

Number of plants observed 51 
Capitula not visited 14 27% 
Capitula likely to be self-pollinated 34 67% 

(more dusted stigmas) 
Capitula with all dust removed 3 6% 

Total number of capitula visited 37 73% 

lous flowers, it can be assumed that pollination by insects 
is the main method of fertilization. 73% of the capitula 
were visited per day (see Table 2), but it is still possible 
that this system allows the kind of "delayed self fertiliza- 
tion" described by Lloyd (1979). 

3. Self-compatibility tests 

In the 23 self-pollinated capitula collected, all but 2 con- 
tained some seeds, showing that both species are self-com- 
patible (Table 1). 

When seed production in the self-fertilization experi- 
ment was compared with that under natural conditions, 
where crosspollination may also occur, it was found that 
the mean number of outer seeds per capitulum did not 
differ significantly between the two groups. Production of 
inner seeds however was significantly reduced when only 
selfing was allowed (Table 1). 

Inbred seeds germinated at a rate similar to that of seeds 
collected outdoors (about 94% of 50 seeds in each case), 
and the plants from the inbred seeds developed normally. 
Their growth index was similar to that of 16 plants grown 
in the same conditions from seeds collected outdoors (G= 
58 to 63%). 

The inbred plants produced as many flowers as the free- 
fertilized plants (8 to 10 inflorescences per plant grown in 
greenhouse), at the same period (120-150 days after the 
date of germination under a 12 h/12 h photoperiod, at 
200 C). When inbred plants were themselves self-pollinated, 
they produced a range of 5-8 seeds per capitulum, i.e. as 
many as their inbred motherplants (Table 1), and these 
seeds also germinated at a high rate. Therefore no inbreed- 
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ing depression was detected and thus inbreeding probably 
occurs naturally in both species. 

4. Pollen transfer 

Each capitulum was carefully examined and the number 
of florets bearing dust was noted. An average of 73% of 
the capitula were visited by the pollinators each day of 
the experiment (Table 2), since 37 of the 51 capitula had 
a different number of dusted florets in the evening com- 
pared with the morning. 

In 3 cases there were fewer dust-marked florets than 
at the start of the experiment. It is assumed that on these 
occasions the lost dust had been completely removed by 
the pollinators, adhering to pollen from the recently de- 
hisced anthers. 

In 5 other cases some dust was noted on neighbouring 
capitula within 30 cm. On only two of these occasions was 
the dusted capitulum on the same plant, indicating that 
intracapitulum transfer is the major means of self pollina- 
tion. 

Confirmation of selfing by honey bees was obtained 
by direct observation of bee behavior. They tended to alight 
with their heads near the centers of the capitula, brushing 
pollen onto their faces, before probing a series of outer 
florets, where pollen could be seen to brush off onto stig- 
mas. 

Discussion and conclusions 

Colonizing species are often bad competitors (Allard 1965), 
and the ability to germinate rapidly in suitable sites is an 
important advantage. The easily dispersed inner seeds of 
C. pycnocephalus and C. tenuiflorus are able to germinate 
within two days at a high rate given sufficient moisture, 
so allowing such rapid colonization. 

When a population of an annual species is well estab- 
lished at a single site, however, uniform lack of dormancy 
is likely to be disadvantageous for a variety of reasons in- 
cluding competition from established plants, periods of un- 
favorable climatic conditions and the effect of ecological 
successions and disturbance. The non dispersed, outer seeds 
of these two species have variable dormancy, some germi- 
nating within two days, and the others remaining dormant 
for up to 3 years (Parsons 1977), allowing long-term pres- 
ence at a given site. Bendall (1973) found that 60% of the 
dormant seeds in the soil were outer seeds, though they 
represented only 14% of total seed production. This physio- 
logical dimorphism allows these thistles to have a dual strat- 
egy of both rapid colonization, and maintenance of a seed 
bank. 

The relationship between dispersal and the reproductive 
system is less obvious. It is thought to be of value to an 
individual to reproduce sexually (here to be cross-fertilized) 
if there is risk of sib-competition for the offspring and if 
the environment is unpredictable (Williams 1975; Maynard 
Smith 1978). Since the outer seeds have variable dormancy, 
they are probably not often in sib-competition, so that an 
individual would not find any advantage in producing 
outbred outer seeds. Also, it can be assumed that the geno- 
type of the mother-plant is well adapted to the habitat, 
even though this habitat is not really stable (thistles are 
mainly found in disturbed areas). 

By the above argument, however, it would not be advan- 
tageous to produce outbred inner seeds, since these can 

be dispersed, and will therefore not be in sib-competition. 
When Williams (1975, p.4) stated that sexual reproduction 
confered an advantage in unpredictable environments and 
concerned mainly widely dispersed seeds, he assumed that 
these seeds would be dispersed to the same places, i.e. that 
they would be in direct competition, so that some genotypes 
could be selected. But for Carduus, the inner seeds are likely 
to be widely dispersed, diminishing the advantage of being 
outbred. 

However, 1) we showed (Olivieri 1982) that, even 
though seeds can be widely dispersed, most of them will 
fall very close to the mother-plants. Thus these inner seeds, 
having no dormancy, will be in sib-competition. It is then 
advantageous for them to be outbred (Williams 1975; 
Maynard Smith 1978). 

2) Most of the seeds which are dispersed several hundred 
meters from the parental population will not find a suitable 
habitat, but the few which do will possibly be the origin 
of new populations. The chances of success of these new 
populations will depend on their fitness in habitats that 
may differ from that of the parental population, so the 
wider the genetic basis the higher the probability of estab- 
lishment and success. This is similar to the situation involv- 
ing unpredictable environment described by Williams 
(1975), but several generations later. This kind of selection 
in favour of outcrossing for the dispersing part of the popu- 
lation is appropriate to species like C. pycnocephalus and 
C. tenuiflorus, since they are annuals colonizers, in which 
success depends partly on the ability of the dispersed proge- 
ny to found new populations in new sites. 

A very similar system is found in Gymnarrhena micran- 
tha (Koller and Roth 1964; cited by Harper 1977 p.70). 
In this species, cleistogamous flowers are produced below 
the soil, each producing 1-3 large achenes which lack a 
pappus, while above-ground flowers are open and produce 
many small seeds bearing a pappus. The dispersed seeds 
clearly have a lower probability of inbreeding than the non- 
dispersed ones. Also, in seasons of low rainfall only cleisto- 
gamous flowers are produced. While we have never found 
a plant producing only outer or only inner seeds, it would 
be of interest to know if Carduus populations can vary 
their ratio of outer/inner seeds. 
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Appendlx 1 

Visiting insects to small clamps of Carduus pycnocephalus 
over a total of 10 h, on 8 days between 2nd May and 1st 
June 1981 

Insect Visits % of total 

Apis mellifera 167 67 
other Apidae 22 9 
Lepidoptera 33 13 
Coleoptera 26 10 
Diptera 1 0.4 

Total 249 
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Appendix 2 

List of species seen visiting Carduus pycnocephalus 

Apidae Apis mellifera 
Andrena sp. 
Eucera longicornis 
Anthophora sp. 
Colletes sp. 
Xylocopa violacea 
Bombus lucorum 

Lepidoptera Pyrgus sp. 
Papilio machon 
Melitea cinxae 
Pieris brassicae 
Pieris napi 
Pieris manni 
Melanargia occitanica 
Melargania galathea 
Polyommatus icarus 
Leptida sinpis 
Euchloe tagis 
Anthocharis cardamines 
Aparia cratagei 
Hemaris fuciformis 

Diptera Larvaevora sp. 

Coleoptera unindentified species, mostly feed- 
ing on capitula and seeds, and not 
pollinating 
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