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ABSTRACT Centaurea coryntbosa (Asteraceae) is endemic
to o small arca (=3 km?), and <500 individuals reproduce in
apy given vear. Nevertheless, enzyme polymorphism vras
found within and among the six local extant populations, the
most distant at 2.3 km. Levels of gene fiow among pupulations
and seed and polien dispersal data indicated very low dis-
persal capacity., Rarity of long distance dispersal events
coupled with traits such as prolonged juvcnile period, mono-
carpy, and sell-incompatibility precludes the establishment of
new populations and thus the evolution toward colenization
ability through incrcased dispersal rate, polycarpy, or scif-
compatibility. The species thus appears to be trapped on an
evolutionary dead-end toward extinction, even though, from a
preliminary introduction experiment, we conclude that sev-
eral nearby unoccupied sites would he suitable for the species.

The importancc of dispersal processes for present treads in
changes of plant distribution patterns reccntly has been high-
lighted. Declining species scem (o have less dispersal mechapisms
(considering dispersal in both space and time) than currently
spreading species (1). Nevertheless, as pointed out by Gaston (2),
although it seems likely that, in some instances, poor dispersal
abilities cause rarity, in others it may well be a response to rarity,
i.e., a consequence of habitat specialization (sensu ref. 3). Indeed,
dispersal will be selectcd against if ecither the probability of
reaching & suitable sitc or the probability of local extinctien (or
both) is low (4, 5), and recently, it has been shown that dispersal
ability could evolve very fast (6, 7). Thug, although a rare specics
might have a low dispersal rate, the original rcason why it is rare
might actually be the lack of suitablc sites tather thao a low
dispersal rate. Although, clearly, sced dispersal is a prerequisitc
for colonization, pollen dispersal after individual establishment,
either from source populations or among colonists, can be
limiting. The importance of pollen dispersal is highlighted by
studics of flowering plants in which pollen rmovement is cften the
major component of gene flow (8-11).

Current theoretical work emphasizes the evolutionary role of
both genetics and ¢cology in population dynamics (s, 12, 13).
According to Schemske et al. (14), 95% of cmpirical studics of
rare plants huve taken cither # genetic {35%) or an ccological
(6095) approach. In this paper, 2nd in contrast 10 mosl previous
studies, we combine both genetic and demographic approachcs to
examine tho causes of the limiled dismibution of a rerarkably
narrow e¢ndemic plant species, Centaurea corymbose Pourrer
(Asteraceae), which occupies an urea of only 3 km? (see below).
Qur study had three main objcctives. First, allozyme studies were
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used to assess the penetic variability of the species and to obtan
an indirect messure of gene flow within and among populations.
Second, ficid observations of extant populations were carticd wul
1o quantfy within-population seed dispersal distances and the
extent to which pollen dispersal may limit seed set. Third, an
experimental introduction study was undcrtaken to test the
hypothesis that habitat availability is the primary factor limiting
colonizagon ability, Qur results suggest that goac [low through
cither seed or pollen dispersal, if any, is highly rcstricted anong
ncighboring local populations and that habitzt specialization,
landscape struchire, and life history all preclude the evolution of
sither long distance dispersal or self-compatibility in €. corym-
bosa, two traits that would allow the specics to spread, given that
many suitable sites arc readily available.

MATERIALS AND METHODS

Geugraphic Distribution, Habitat, and Census Size of C
corymbusa. €. corvmbosa is endomiv to the Massif de la Clape
ncar Nacbonnc i southiern France (15, 16). The Muassil de la
Clape is a limestone plateau of ~10 X 5 km?® near the Mediier-
rancan sea (Fig. 1). The species grows on the top of the cliffs and
in nearby rocky arcas of open vogetalion, on North-to-West
exposures. It does not occur in cither the pinewoods or the
gurrigues surrounding cliffs. It ocours on <109 of the massil (=3
lan?; Fig. 1) although many sites in the remaining 90% of the
massif appear suitable. Only six populations have been recorded
(Cl, E2, A, Cr, Pe, and Po) 0.3 10 2.3 fn apart (Fig. 1} In June
1995, 494 ruproducing individuals could be recorded on the whole
ruassif (ref. 17; Fig. 1), so the effective size at the species level is
expected 10 be very small. Total population size was estimated to
be =6500 individuals, including boti juveniles and adults,

C. corymbosa 1s a self-incompatible, monocarpic porennial.
Current demographic studies show that it may live as a rosctte for
3-10 years before {luwering (unpublished work). Pollination is
achieved mainly by small Hymcnoptera. Germination rates from
curmrent vear sccds were very high in good experimental condi-
tions (75-100% at 10-20°C in moistened filter paper in Pemi
dish). Seeds may remain alivc in the soit for maore than | year
provided the required conditions for germination arc not met. In
a given ycar, however, less thun 10% of sceds may remain
dormant for 1 year (unpublished data), so that dormancy is
unlikely 10 play an esscntial role in C. corymbosu dynamics.

There js t¢ date no phylogenetic studics within the subgenus
Acrolophus, 1o which C. corymbosa belongs (15). We are
currently studying enzyme polymorphism in Centaires macu-
/osa, a widcspresd species of the same subgenus, also ocourring
in southern France. Preliminary results (H. Fréville, unpub-
lished data) suggest that C. carymbasa derive from C. tnaculosu
by a founder effect following demographic bottlenceks or

Abbreviations: DIST, distance (o the nearcst neighbor flowering plant;
DENS, number of {lowering plants in a 10-m radius.
#To whom reprint requests should be addressed,
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variables, gave the same kind of results, only the later will be
shown. + '

Experimental [otroduction. In November 1994, 1050 secds of
C. corymbosa were introduced to 21 microsites (=1 m?} on tops
of cliffs located 0.5-2.5 kam away from cxtant populations. Fitty
seeds were individually placed in clefts in each microsite. Sced
germination and scedling survival were recorded every 3 months
over the 1st ycar. For compurisons with naturally cstablished
populations, 28 microsites (0.5-14 m?) also were monilored for
seedling survival in cxtunt populations (A, Cr, El, Pe, and Po).
We compured survival rates over 1 ycar between introduced and
natural populations for seedlings germinated in autumn 1994.
Comparisons were carried out using the Mantel-Cox log-rank
test for right consored data (30).

RESULTS

Genetic Diversity and Population Stracture. All polymor-
phic loci werc diallelic and fixed for onc allele in two or three
populations. Allelic frequencies for each polymorphic locus
are given in Table 1. A total of 26.3% loci'were polymorphic
at the species lovel, but only between 10.5 and 15.8% were
polymorphic at the population level (Table 1). Genetic diver-
sity as measured by Nei's index (K} was 0.074 at the specics
level, ranging from 0.030 to 0.070 within populations. There
was no relationship between the level of genctic diversity and
the size of the po‘%ulation considered; both the smallest (Cr)
and the largest (E1) populations showed similar values of
genctic diversity (Table 1). Within any population and for any
locus, the deviation of genotypic frequencies from Hardy-
Weinberg expcctations was not significantly different from 0
(F = 0.09 t0 1; see Table 1 for avcrage Fis per population),
indicating no departure {rom random mating. o

Overall Fy; value was 0.35. This value, as well as each per locus
Fa, was significantly different from 0 using Fisher’s exact tests for
ovezall structure (P < 0.001). Betwcen pairs of populations, Fy
ranged from 0.05 to 0.49. All pairwise comparisons cartied out to
test for differences in genctic structure between populations were
significant (Fisher’s exact test, P < 0.05). There was 4 significant
positive correlation between geactic and geographic distanc
(Mante] test: 1 = 0.78, P < 0.05; Fig. 2). -

Seed Dispersal and Pollen Availability. Three hundred and
nine secdlings were found around the 42 flowering isolated
plants, The seed dispersal curve obtained (Fig. 3) was highly
leptokurtic. Mean dispersal distance was 32 cm. Although
some seedlings were found to establish at more than 1 m away
from the parent plant, 83% were found within a 50-cm radius
of the plant. The furthest seedling was located at 168 cm. No
seedling was found to establish in any of the 13 permanent
microsites surveyed for germination cven though several plants
were {lowering 2-10 m away.

There were 15-65 ovules (mean 43) per capitulum out of
which, on average, 45% were fertilized. Both ANOVA models
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FIG, 2. Relationsbip between genctic (Fu) and geographic dis-
Lances among C. corymbosa populations (Mantel-Cox test: 1 = 0.78;
F < 0.05). ‘

(either with DIST or DENS) uscd for testing pollen availability
gave similar results for the effects of population and flowering
period. There were highly significapt diffcrences among the
three flowering periods (P < 0.001), with thc maximum
fertilization rate obscrved ai midflowering (Table 2). Popu-
laljons also Gilfered, with population E2 showing a signifi-
cantly (P < 0.05) larger fertilization rute (55.4%) than the
populations E1 (41.2%), A (40.2%), and Pe (34.2%).

Mean distance (DIST) to the nearest flowering plant for ail
populations was 4.7 m, rangivg from 0.05 (o 150 m with 2 mode
equal to 1 m. Mean density of flowering plants (DENS} in a
10-m radius was 6.7, ranging from 0 to 23. Mean fertilization
ratc of plants with reproducing individuals located less than
4 m was twice the one of plants for which the closest repro-
ducing individuals was beyond 4 m (Table 2). Goc. individual
located 150 m from any flowering plant had a fertilization rate
of only 9%. Similarly, mean fertilization rates progressively
decreased from high densitics (>9 flowering plants in a 10-m
radius) to Jow densities (<2 flowering plants) (Table 2).

Experimental Introductioa. [n the experimental microsites,
259 seeds {24.7%) had germinatcd by December 1994. No
seedling was found to establish outside the experimental
quadrats where seeds were placed, indicating that sceds are not
likely to have a high postdispersal movement when landing
inside rock clefts. For quadrats surveyed in naturally estab-
lished populations, a total of 175 germinations was recorded by
the same date. There was no difference in secdling survival
during the first ycar (December 1994-December 1995) be-
tween natural (9.89%) and introduccd populations (11.3%)
(Mantcl-Cox log-rank tcst, P = 0.82) (Fig. 4). Thus, microsites
are available for plant establishment in other localitics.

Table 1. Sample sizes, allclic frequencies at polymorphic lod, pereentage of polymoplic loci, genetic diversity, and deviation to
Hardy-Weinberg expectations at the population and the species leve) of Ceniaurea corymbosa

Populations n PGla INA b LAP b CAT b PER Db P H Fi
. A 53 1 0.40 0.99 0.72 1 105 0.048 ~0.04 NS
» Cr 16 I 0.78 0.62 0.38 1 158 0.070 0.0l N§-
El 44 0.70 1 1 0.51 0.62 15.8 0.064 0.18 NS
E2 57 0.75 1 1 0.95 G4l 15.8 0.051 011 NS
Pe 32 1 0.70 0.41 1 1 10.5 0.048 ~ 006 NS .
Po 17 0.51 1 1 1 0.73 10.5 0.030 038 NS .
All populations 221 0.87 0.79 0.89 0.83 0.75 26.3 0.074 U.07 NS
| Fis 2.09 NS —0.09 NS —0.11 NS 0.12 N§ 0.23 NS
) Fst 0.17 L5 043 118 0.52115 0.23HS 0.37 HS ,
‘ Fit 0.24 0.37 0.46 0.32 0.52 ,

All Joci being diallclic, only the frequency of Lhe most frequeat allels is presented for cach locus.
N, sample size; P, percentage of polymophie nci; 77, genetic diversity; Fi,, deviation to Hardy—Weinbery expectations; NS, not significant; HS, highly

L significant.
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Fit. 3. Distribution of seed dispersal distances from the maternal
plant.

DISCUSSION

Levels and Distribution of Allozyme Variation. Overall
genetic potymorplism in C. corymbosa s low compared with
other endemic plant specics (Table 3). Most of the endcmic
species referenced in Hamrick et 2l (31) probably occupy a
much larger are2 than that occupicd by C. corymbosa (3 km?).
The amount of polymorphismn at the specics level in C.
corymbosa is in fact similar to the average observed at the
population level in endemic spccies (Table 3),

The strong dilferentiation among populations of . coryriliosa
Js very unusual. Indeed, although geographical range does not
significantly correlatc with the organization of allozyme variation
in plants (31-34), life form and breeding system are both highly
associated with differences in the proportion of the among-
populations vastation (31, 33). C. corymbosa exhibits a higher
among-populations component of allozyme diversity than aver-
age perennial herbaceous or animal-pollinated species (Table 3).
Recent studies of endentic, animal-pollinated speeies sharing with
C. corymbosa both sell-incompatibility and herbaccous perennial
form have shown Fys ranging from 7 to 15% (34-36). It is thus
difficult to consider C. corymbosa as being made up of 2 single
population, and one may infer from our results that, although
spatial units are very close 10 one another (0.3~2.3 km), gene flow
is highly restricted. The high correlatiop between F,, and geo-
graphical distance suggests a model of isolation by distance (28,
37), as found in several other studics on & broader geographical
scale (38--40}. Five of the six extant populations of C, corymbosa
have been knowr to exist for a relatively long 8me (A, E1, EZ, Cr,
and Po havc been known for 50-200 years), and no proviously
known population has disappeared (refs. 18-20; and various old
exicata in the Herbarium of the Montpellier Botanical Institute).
These historical data indicatc the relalive stability of the spatial
distribution of the specizs. This stability is in contrast to what has
been observed in another endangercd specics, the annual Pe-
dicularis furbishiae, which exhjbits exceptionally large local ex-
tinction rates (41). This pattern of population dynamics might
explain that polymorphism was lucking in £ furbishige popula-
iions, subjected to frequent bottlenccks, wheress we found sub-
stantial polymorphism in C. corymbosa populations.
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Seed Dispersal Study. As commonly observed for most specics
(42, 43), the seed dispersal distance eurve of C corymbosa is
leptokurtic. Dispersal distances in C. corymbosa are strikingly low
{mcan 32 an, maximom 168 cm) comparcd with other Aster-
aceae (44, 45) bur are similar to other Centauren species like C.
solstitialis (49, 47). The leptokurtic shape of the dispersai curve
dous not preclude the possibility of long distance dispersal (48).
Indeed, some authors (44, 45) have pointed out that, often, in
other species of Asteraceae, a number of plumed sccds were
actuelly lifted up by wind and transported to far distances that
could not be taken mto account in their studies. This, however,
has never boen observed on C. corymbosa, even with wind speeds
above 100 lon/h, which are frequent at the Massif de 1a Clape.
Dispcrsal distances of C. corymbose seeds thus more closely
rescmble those observed after ballisde dispersal (49, .50) than
after wind dispersal. Although all seeds have a pappus approxi-
mately as Jong as the achene, it docs not scem to help seed
disperse by wind beyond nearby microsites. We believe it func-
uons as a parachute-like structurc that facilitates (/) seed extrac-
tion from tbe capitulum when it opens and (%) keeping the
embryo forward when the wind pushes the sced on rocks before
landing into holes with the embryo at the bottom of the cleft, a
position favorable for germination.

Seeds of C. corymbosa also are adapted to dispersal by ants;
they have a true, well developed elaiosome as in other Cene
reurea species {51). Dispersal by ants (ie., Crematogaster
scutellaris) occasionally has been obscrved in the field but
probably occurs over short distances as is generally the casc for
this dispersal mode (42, 52-54). Dispersal by adhesion may
occur over much longer distances than dispersal by ants (58,
36) but is very difficult te observe (56, 57). The barby and sticky
bristles in the pappus indicate possible dispersal by adhesion 1o
fur or feathers of vertebrates (56, 57). We bave no clear
evidence of this in C. corymbosa although it could occur oo the
feathers of Bube bubo, u nocturnal raptorial bird sharing the
same habitat. Indecd, some individuals of this great owl are
living in sitcs E1, E2, and Po, and the microsites they visit (as
evidenced from owl pclicts) are also C. corymbosa microsites.
The fact that micrositcs only a few meters away from flowering

‘Table 2. Kertilization sate of capiluly in relation to flowering perjod, distance, and density class

Flowering peried

Distance class, m Density class

02

Mid Early Late 0-03 3.3-1 14.1 4.1 >9 3-8 2-5
Sample size 85 74 47 52 52 52 50 44 37 49 36
Fertilization rate, % 45 6u 42.4b. 29.4c 54.5a 50.4a 45.0n 29.0b 56.84 49.7ab 41.2bc 33.%c

For each variablc and cach effect, nombers [ollowed by ditferent letlers are significantly different (Duncan’s Multiplc Range test, £ - 0.03).
Numbers followed by at least one common letter are not significantly dif{ezent.
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Table 3. Comparison between Iovels and distribution of allozyme
variation found {of C. corymbose and-mean valucs for various
categorics of plant species reviewed by Hamrick and Godt (31)

INST SC EVGL MONTPELLIER

Levels of allozyme

variation
Distribution
At tb".: of allozyme
At the population variation
species level level among
Categorics P H P H popuiations
C. corymbosa 263 0074 131 0052 0.35
Dicots 448 0136 290 0.09 0.27
Short-lived perennials 413 0,116  238.0 (.096 G.23
Endcmic 400 009 263 0.063 0.25
Oulcrossing animal 501 0167 35¢ 0124 0.20

P, percentage of polymophic lock; H, genetic diversity.

plants were not colonized suggests, however, that dispersal by
more than 2 m is likely to be a rare event.

Pollen Availabiiity and Dispersal. The data on ovule fertiliza-
tion rates clearly demonstrate that pollen limitation occurs in C.
corymbesa., Because of sell-incompatibility, pellination of capit.
ula depends on peighboring flowering plants. The fertilization
rave was larger when the largest oumber o[ plants were figwering
in any given populstion (midflowering period vs. early and late),
and the fertilization rate was low for those plants that were In an
area of Jow density of flowcring plants, These results suggest that
pollen and/or pollinator availability is restricted in C. corymbosa,
as in Dianthus deltoides in fragmented areas (58).

The fertilization rate also was low for plants that were more
than 4 m away from the noarest neighboring Flowering plant This
is conmsistent with other studies showing that most of the pollen is
cartied over very short distances by insects in animal-pollinated
plants (50, 59-63). We would then capeet to find small geigh-
borhood areas (60, 64) within which most of the pollen is
dispersed. In fact, no departure fron: panmixia was found for any
of the Centaurea populations. Such 2 discrepancy between direct
estimates of pollen movement and indireet cstimales ol peue flow
by paternity analysis (65) or by genetic distances (66) also has
been observed in Ipomopsis aggregaia, another self-incompatible,
animal-pollinated plant This may be duc to both postpollination
events [i e., preferential fertilization with respect to distance, (67)]
and undetected, rare long distance gene flow (68). Such cvents
would be sufficient to prevent genetic diffcrentiation among
neighborhoods within populations (53, 69). :

Out of 9 capitula from 6 flowcring plants that were 30-150
m from their ncarest flowering neighbor, all produced some,
however faw, seeds. No seed was obtained after artificial
self-pollination of 50 capitula (24 plants) in the A, E1, and Pe
populations (17), so we assume that the 6 isolated plants were
visited at Jeast oncc by pollinators, indicaling that relatively
long distance pollination may accur in C. corymbosa. The
strong genetic differentiation that was obscrved among pop-
ulations suggests, however, that such long distance pollination
events are very rare among populations.

Experimental Introduction Study. Although there is observa-
tional cvidecnce that the geographic distribution of many species
is limited by their colonization ability (2, 70), few cxpcrimental
studies have validated this claim. For examplc, Levin and Clay
(71) demonstrated that Phlox drummondii can suceessfully grow
and reproduce at the specics margin. Other authors have em-
phasized the importance of appropriate management practices
that insurc the viability ol newly created populations of Amsinckia
grandiflora (72), Exysimum capitamum, und Genothera delioides
(73). Finally, Primack and Miao (74) concluded from their
expcrimcental study on four annual plant species that hoth site
suitability and dispersal ability were limiting local distribution.
Most cxperimnental studies of this Kind only consider establish-
raent in new sites without demographic comparison with naturally

Proc. Natl. Acad. Sci. USA 94 {1997) 3475

occurring populations. An exception to this is the study by Prince
und Carter (75), which showed similar performances of Lactuca
sertiola in naturdl and experimental sites well beyond its natural
limits, further verifying the importance of lack of dispersal as a
major cornponent of plant distabulion paterns.

To demonstratc the successful establishment of a new
population would need monitoring over scveral generations
{possibly 10-15 years for C. corymbosa). Our comparison of
survival rates of seedlings in natural and artificially introduced
populations nevertheless suggests that the now sitcs are suits
able because the sarly stages arc the most critical of the life
eycle in plants (76). Thusy, if seeds had been able to arvive by
themselves in these neighboring sites (0.5-2.5 km), a popula-
tion might have been ablc to cstablish. Germination rate tipres
seedling survival is very low (=3% for the expcrimental
introduction, a figure likely te be cven lower in naturally
occurring populations because 8 pumber of seeds do not
actually land in rock clefts), so long distance colonization
events arc very unlikely to occur,

CONCLUSION

Both indirect and dircet measures indicate that gene flow in C.
coryrnbosa probably occurs mainly by pollen, within populations.
It is very restricted among populations and primatily occurs
between adjacent ones (given the isolation by distance pattern of
differentiation). In the fragmented rocky babitat of the Mussif Je
la Clape, populations arc¢ well delimited by the cliffs and are
surrounded by areas of either pinewood or garmigucs with dense
bushes. The absence of plant outliers (77} in these areas probavly
decreascs the possibility of pollen flow between populations.

One might ask whether limited seed dispersal results from
natural selection against dispersal, as bas been suggested to
explain the lack of long distance dispersal mechanisms in desert
plant species (78). Indeed, according to several theoretical studies
{4, 3, 79, 80), unsuitable patches around populations sclect against
dispersal. Therefore, the habitat structure would have two effects:
a direet one, whiereby dispersal is prevented among suitable sites,
and an indirect one, whereby eventual mutant genotypes with a
{arger dispersal ability would be selected against. We now suggest
reasons why the second effect also is likely to ocour.

In addition to law dispersal ability, the ¢olonization ability of C.
corymbose is likely (o be further lowered by monocarpy and
self-incompatibility. Hence, if, by chance, some sceds arc dispersed
a long way (i.e., several hundreds of meters to several kilometers)
to a suitable site, germinate, and grow into adult plants, they are
likely to die without producing any offspring if they do not flower
simultancously. The reason why neither selfcompatibility nor
iteroparity have evolved in C. corpmbasa is puzzling. Although
there could be  purely genetic constraint answer, the presence of
self-compatbility and itcroparity clsewhere in the family suggests
against this possibilily. Furthermore, there are numerous examples
in which self-incompatibility has been lost (81) or in which both
self-incompatible and seH-compatible gennnypes coexist (82).
Some rare plant species appear to bc ablc to break sclf-
incompatibility, especially those subject to frequent population
boitlenecks. In the self-incompatiblc specics Aster furcans for
instance, it has been found recendy that some genotypes (4-6 out
of 22 Lested) were fully or partially self-compatible (82). Qut of 50
capitula (24 plants) of C coryrmbosa, nonc sct sccds after sclfing
(17). The reason why sclf-compatibility bas not ¢volved in dus
specics could be inbreeding depression: in an oulcrossing species,
mbreeding depression due to either heterozygote advantage or
recessive deleterious allcles at many loci is experted to be strong,
so that any mutunt geonotypes with 3 large selfing rate (e.g. a
sell-campatible genotype) would produce 2 progeny of low fitness.
C. corymbose population sizes are very small, o one might oxpect
either a purging or a fixation of delcterious alleles to have occurred
and thus a decrease of inbreeding depression at the pupulation
leve]l (83, 84). However, recent studies on selfl-comipatible, out-
crossing Scabiasa specics (85) have shown that inbreeding depres-
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sion may persist cven i small populations. It could be ihat
inbreeding depression in C. corymbos s still so strong that any
mutant appearng in & population would be strongly selected
against, Tosclect for a selt-compatibility ullele, the mutation would
then have to occur when a new population is being established
(founder event). Mutations are more likcly to occur in large
populations than in small ones, so there is a double catch-22
problem here: To select for self-compatibility, one necds cither a
small population or a2 newly founded populatcn. To found a new
population, one necds self-compatibility. To have self-<compatibil-
ity appearing, one needs a large population. Only when bottlenecks
frequently occur, as seems to be the case for some species (82), can
we expect mutation toward self-compatibility to both occur and be
selected for, It could be that such founder events arc too rar¢ in
C. corymbosa, whick bas become trapped in its own deleterious
system.

Two implications of this study can be advanced for the future of
C. corymbosa. First, because extant populations are very small and
quite isolatcd despite their proximity, they are subjected to geneue
drift and mutational mcltdown (86). [{ence, they incur the loss of
genetic variation, generally thought to be esscotial for long term
survival (87-92) and the fixation of deleterious alleles (12, 86, 93).
Sccond, because of the lack of colonization ability, the species is
dependent on the persistence of existing populations, therselvey
at the mercy of stochastic environmental fluctuations (41, 94, 95},
which can be very bigh in Mediterranean regions. One could argue
that the species is still there and might look perfectly well adapted
to the rocky habitat of the Massif. We have, howcver, some
demographic evidence (unpublisbed data) that overall population
size is decreasing from year to ycar, suggesting that semc man-
agement decisions will have Lo be made if one is to prevent this
specics from becoming extinct. Such managements would include
experimental introductions from a few individuals (to create
several foundcr effects) into new sitcs and opening of corridors
between them (1o Increase selcction for long distance dispersal).
The demographic and genetic survey of these experimental pop-
ulations would alss bring new insights into evoludonary mecha-
pisms such as the role of initial genetic diversity and populaton
size.

We predict that the type of biological situation discussed in
this study could well be applied to many rare species sharing
common life historics with C. corymbosa. Moreover, the
experimental framework considercd, wheredy it is possible 10
suggest ongoing mechanisms for species extinction, seems ideal
for. tcsting theoretical jdeas about adaplation, genctic and
demographic constraints, and conservation.
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