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Abstract

We tested the hypothesis that the breeding system of an jnvasive weed is altered following
invasion using Onopordum illyricum (L.), a self-compatible insect-pollinated monocarpic perenmial
of mediterrenean origin, which has invaded Australia. Our results, obtained by the analysis of the
genetic corposition of progeny of individual plants of an Ausiralian population, suggest that this
species has an infermediate outcrossing rate (¢=0.57) in its arca of introduction. This mixed mating
system scems to be stable, since the estimates obtained by other techniques assuming equilibrium,
are very close. Furthermore the mating system of this species has apparently not changed during
invasion, since estimates of the outcrossing rates of French populations are similar to that of the
Australian population {(¢=10.52). The mixed mating system of this species, may have coniributed to
its invasive capacity, as seifing allows avoidance of demographic hazards, and outcrossing would
promote the generation of novel genotypes allowing adaptation to novel environmental conditions,
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Résumé :
Nous avons testé ’hypothse selon laquelle le régime de reproduction d’une plante envahissante
est modifié suite & une invasion sar Onopordum illyricum (L.), une plante autocompatible entomophile
et pérenne monocarpique d’origine méditerranéerme qui a envahi I’Australie. Nos résuliats,
obienus par I’analyse de la composition génétique de la descendance d’individus d*une population
australienne, suggdrent que cette espéce a un taux d’allofécondation intermédiaire (¢=0.57) dans
son aire ¢*introduction. Ce régime de reproduction mixte semble &tre stable, puisque des estimations
obtenues par d’auires techniques qui supposent quun équilibre a &té atteint sont trés proches, De
plus, le systéme de reproduction de cefte espéce n’a apparemment pas changé pendant I'invasion,
puisque les estimations du taux d’allofécondation des populations frangaises (#=0,52) sont proches
de celles de la population australienne. Le régime de reproduction mixte de cette espéce peut avoir
contribué & sa capacité d’invasion, étant donné que 1’autofécondation permet 1’évitement de risques
démographiques alors que 1'allofécondation, en avantageant la formation de nouveaux génotypes,
permet ’adaptation & de nouvelles conditions environnementales,

Acta Ecologica 1146-609 X/93/04/$ 4.00/ © Gauthier-Villars




540 Y. Michalakis et al,

INTRODUCTION

More than twenty five years ago AvLarbd (1965) and Baker (1965) emphasized.
the importance of the breeding system in the ability of plants to become invasive.
Both authors noted that plants with a largely autogamous plastic breeding system
would be the best candidates for the colonization and invasion of new areas.
According to these authors, high levels of selfing may confer two advantages during
invasion, namely a decrease of demographic stochasticity (independence from the
presence of other mates for reproduction), and a more efficient propagation of
successful genotypes. In recent reviews BrowN & Burpon (1987) and BArrerT &
Ricuarpson (1986) also emphasized the importance of the capacity of uniparental
reproduction for successful colonization.

In accordance with these predictions Brown & Marsuarr (1981) have shown
that among the 18 worst weeds in the world, half are self-pollinated species while
the remaining ones are outcrossers capable of vegetative reproduction. Price & Jam
(1981), in a compilation of approximately 400 species of the British Isles, have
shown that selfing and apormms are predominant among colonizers. In the same
line of evidence, among the species compiled by Scuemske & Lanpe (1985), all the
highly selfing species can be classified as colonizers (Hermanutz, 1991). Finally, in
several cases it has been demonstrated that colonization of a new area by a species
has been accompanied by a shift of the mating system towards increased selfing
(e.g. colonization of north-castern America by Solanum ptycanthum (HerMANUTZ,
1991) and other examples in Brown & Marsuarr, 1981).

On the other hand, it has been argued that increased outcrossing may be
favoured during colomization,” because outcrossing allows the production of a
larger number of genotypes, and therefore can potentially allow a species to cope
with different environmental selective pressures (Barrett & Ricnarpson, 1986). In
agreement with this argument, shifts in the mating system following colonization
towards higher rates of outcrossing, have been reported for Bromus mollis (Brown
-& MarsuarL, 1981) and Avena barbaia (Kanier et al., 1980). It should be noted,
however, that both of these species are predominantly selfers. Other evidence in
favour of this idea comes from the biological control database. Burbon & MarssarL
(1981), in their survey on biological control of weeds in Australia, have shown that
biological control has been significantly more successful on asexually reproducing
plants than on sexually reproducing ones.

The thistle Onopordum illyricum (L.) (Asteraceae: Carduecae), native to the
mediterranean basin, was introduced 1o Australia during the nineteenth century and
is now considered as a major weed (Brigse et al., 1990). As a consequence a
biological control program has been engaged against it (Brese, 1989). O. illyricum
is a monocarpic perennial, potentially producing up to 40,000 seeds per individual
(Younc & Evans, 1969). Research on this species in Australia revealed that the
genetic composition of seedlings dees not correspond to the one expected by random
mating, showing a deficit of heterozygotes (Groves et al., 1990). Furthermore, these
authors have shown that inbreeding depression raust be important in this specics,
since the level of hetérozygosity increases as a cohort ages, while the allelic
frequencies remain constant (thus excluding the possibility of selectlon acting in
favour of individual alleles).
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In this paper we report the results of a study designed to estimate specificaily
the outcrossing rate of O. illyricum in Australia. We then compare the estimated
outcrossing rate with estimations of the outcrossing rate by other techniques in
Australia (Groves et al., 1990) and France (MicHALAKIS ef al., in press), to discuss
the stability of the observed mating system and the relevance of the mating system
for the invasion of Australia.

MATERIALS AND METHODS

Sampling

One capitulum per plant was collected from 30 plants at a site at Galong (New South Wales).
This site is the same as the one in which Groves ef al. (1990) conducted their study. Seeds from
each capitulum were germinated in Petri dishes and then were transplanted to a greenhouse. When the
seedlings obfained their first true leaves, plant tissue was collected, and the genotype of each individual
was scored by allozyme electrophoresis. We wanted to sample the same stage as GRovEs et al. (1990),
as it is known that enzyme activity may vary between stages of the same individual (Scanpavios, 1974),
The seedlings of each capitulim thus constituted families. Thirty capitula were sampled, and on average
five seedlings per capitulum were scored by allozyme electrophoresis.

FElectrophoresis

Groves et al (1990) scored five polymorphic loci by horizontal starch gel electrophoresis.
Unfortunately, even thongh our samples came from the same site, all those loci were monomorphic when
screened by the same technique. However, two of these loci, leucine aminopeptidase (LAP; EC 3.4.11.1)
and aspartate aminotransferase (AAT; EC 2.6.1.1) were polymorphic on vertical polyacrylamide gels.
‘We have also found another polymorphic locus by the latter technique, which had not been investigated
by Groves and collaborators-(Est; EC 3.1.1.3). Thus, despite our precautions on plant stage, our results
cannot be directly compared with the ones obtained by Groves et al. (1990). Vertical polyacrylamide
gels had an 8 % concentration for LAP and AAT, and an 11 % concentration for esterase.

Data analysis

The data have been analysed by the MLT program (Riranp, 1990; RrmLanp & Jam, 1981),
which uses the genotypes of the progeny to infer the genotypes of the parenta! plants and the allelic
composition of the pollen pool. Using this information, and the assumption of random distribution of
pollen between plants, this procedure provides maximum likelihood estimates of single locus outcrossing
rates, as well as a multilocus estimate, accompanied by the respective standerd errors. A chi-squared
test for heterogeneity among single locus estimates was performed (KAHLER ef al, 1984), The value
of this ¥? is equal to : ”

X2 = Z (tz' - t)zfi
% .
where { iz the mean outcrossing rate and # and I; are the single locus estimate and the inverse of
its variance respectively, for locus . The number of degrees of freedom is equal to n—1, where n
is the number of loci. :

RESULTS

Single locus estimates of the outcrossing rate range from 0.5 to 0.6 (table I). No
significant heterogeneity was found among the single locus estimates (xZ=0.53).

Vol. 14, n° 4 - 1993




542 : Y. Michalakis ez al,

TaBLE L. — Number of seedlings scored per locus (n), single locus (t), multilocus (4z) and
mean single locus (1) outcrossing rate estimaies. Standard errors are given in parentheses.

Locus n t
AAT 147 0.597 (0.103)
LAP 149 0.502 (0.135)
EST 137 0.501 (0.108)
¢ 0.533
I 0.568 (0.068)

Tasr & 1L — Ouicrossing rates (1) of 8 French populaiions calculated from Fis values
(original data in MicHALAKTS et al, in press) ny: harmonic mean of per locus sample
size; CI: 95% confidence intervals obtained by bootstrapping over loci (Wemr, 1990).

Population Ry t cl
Vi 38.49 0.62 0.53-0.71
V2 30.87 0.64 0.24-1.10
V3 3575 - 0.55 '0.44-0.60
V4 44.80 0.34 0.25-0.45
V3 34.97 0.61 0.43-0.78
V6 53.50 0.59 0.45-0.69
V8 3643 0.55 T 0.44-0.67
CR 32.30 0.81 0.53-1.15

The muitilocus estimate is intermediate and equal to 0.57. The difference between
the mean single locus estimate (¢) and the multilocus estimate (¢.) is very small
(At=t,,—#=0.035). :

Hatpane (1924) has shown that, at equilibrium, the deficit of heterozygotes
within a population (measured by WrieHrs fixation index Fj, Wrichr, 1951) is
related to the outcrossing rate () by the relationship: '

: 1—F
1+ Fis .

In their study of this species at the same site in Australia, Groves ef al.
(1990) estimated Fj; at 0.30. Thus we can estimate the outcrossing rate in their
samples, using the above equation, to be equal to 0.54. This value is very close
to the multilocus estimate for the same population, which makes no assumptions
about equilibriumn. ' :

We have also calculated F in populations in southern France using similar
techniques (MicHALAKTS ef al., in press). In this case, the average Fj; across loci and
populations is equat to 0.32 and yields an estimated oulcrossing rate of 0.52. Thus,
the outcrossing rate of French populations is very close to the one for the Australian
population. However, the French populations show considerable variation in the
estimates of the outcrossing rate (table II).

=

DISCUSSION

Three independent measures of the outcrossing rate of O. illyricum, using
different estimation techniques and different genetic markers, show that this
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plant species has an intermediate outcrossing rate (approximately 0.55). Mixed
mating systems may represent either transient states (Lavxpe & Scurmske, 1985)
or evolutionarily stable states (Horsmvoer, 1988 and 1991; Uvenovama, 1986;
UveNoyama & Warier, 1991 g, b). The fact that the estimate obtained by the
MLT method, which makes no assumptions about equilibrium, is almos{ identical
to the estimate obtained using the F; value (from Groves et al, 1990), which
assumes that the population at Galong is at equilibrium, argues for the stability of

- the mating system of O. illyricum. The very close value of the estimate obtained

in the French populations reinforces this conclusion,

Stable mixed mating systems can be theoretically generated by biparental
inbreeding (Uvenoyama, 1986), inbreeding depression caused by overdominance
(HoLsmvaer, 1988; UveNovama & Warier, 1991 a, b) or environmental effects {such
as plant density) on the reproductive success of outcrossed pollen in self-compatible
plants (Brown et al., 1989; Warkins & Leviv, 1990; HorsiNvaer, 1691). The thistle
O. illyricum is a self-compatible, insect-pollinated plant. Groves ef al. (1990) have

- shown that inbreeding depression is important in this species, since heterozygosity

increases as a cohort ages while individual allele frequencies stay-constant. This
inbreeding depression does not seem to be caused by biparental inbreeding. Indeed,
Suaw ef al. (1981) have shown that biparental inbreeding would create a difference
between the single locus and the multilocus estimates of the outcrossing rate. In
the case of the Galong population this difference is very small (table I).

We clearly need more studies on populations in Australia, since outcrossing.
rates may vary geographically or according to plant density. Based on the
comparison of the outcrossing rate of the Galong population and the populations
from southern France we could conclude that the invasion of Australia has not been
accompanied by a shift in the breeding system. Indeed, the outcrossing rates are
very similar, However, in as much as our results are representative of the species,
the nature of the mating system of O. illyricum suggests that the reproductive mode
may have had considerable influence on the colonization process. BAker (1963
and Arrarp (1965) stress the importance of the flexibility of the breeding system.
They consider that the best candidates for colonization are species which. have
both appreciable levels of selfing, and variable levels of selfing across populations.
This weed presents both of these characters, since the outcrossing rate of French
populations varies from 0.34 to 0.81. The amount of selfing combined with the
capacity of this plant to produce large quantities of seeds probably protects this
species from demographic stochasticity. The level of outcrossing on the other hand,
is probably sufficient to generate novel genotypes and allow a rapid adaptation to
new environmental conditions, thus increasing the invasive ability of this species.
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