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ABSTRACT

Primula allionii is a primrose endemic to Maritime Alps. The phlaass studied
in three different plots representing the differstructures of cliffs where the
species usually lives. The reproductive succesth@fplant was analyzed in
order to evaluate its conservation status. Meamtpldimensions and
distribution within the plots were evaluated. Theedes resulted low morph
biased (0.13), very fertile (83.53%) and with atgugood sexual organs
efficiency of flowers (both in pin and thrum morpltes demonstrated by the
high rate of fruit (52.18%) and seed production-$206 ovules developed in
seeds). However, the populations remain in a deapige balanceA % =
0.38) and very few seedlings (0.21% of availabledsg were recorded in
populations. The particular habitat of the planeslaot favour a consistent
population renewalPrimula allionii populations are not under a real threat at
present:but the species and its loci deserve much moreidermdion in the
future in order to preserve this possibly fragiéditat.

KEY WORDS Primula allionii, demography, reproductive biology, morph
bias, threat.
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INTRODUCTION

Biological rarity is not easy to define, and it hasleast, three
components: the total number of individuals of fpecies concerned,
its geographical distribution and its habitat speity (Zalba & Nebbia,
1999). In general terms, it is plausible that aceEsethat is rare and
restricted to a small region is exposed to extimctbecause of its
possibly reduced genetic variation and greateritb@hsto natural or
anthropogenic factors that could condition its salv (Wissel &
Stocker, 1991). Nevertheless, for a species to dave it does not
necessarily means to face a real risk of extincf®aston, 1994). Other
data are required in order to assess the degribeesit faced by a given
species.

Reproductive limitations in small plant populatiore.
seedling recruitment) could be related to somenheffollowing causes:
autoincompatibility; deficiencies in pollination eeed dispersal; failure
of germination or seedling establishment; seed gired (Zalba &
Nebbia, 1999; Buza et al.,, 2000; Juenger & Bergels2000;
Tomimatsu & Ohara, 2002; Severns, 2003). In on¢he$e particular
conditions, morph frequencies of heterostylous tglawith strict
intramorph incompatibility deviate more stronglhorin equality with
decreasing population size (Brys et al., 2003).

In conclusion, because the breeding system detesmthe
guantitative (demographic) and qualitative (geretiaits of a species,
characterization of the population and morph ratm detect if rare
species are truly endangered (Zalba & Nebbia, 199%) provides
invaluable information to suggest appropriate corsén measures
(Gaudeul & Till-Bottraud, 2004).

The aim of this work was to asses®ifallionii Loisel. besides
being rare should be considered a threatened speSwveral field
observations were performed at two sites in theaR¢glley and over 3
consecutive years (2008-2010). More specificalhg tmain questions
addressed were: (1) how is the consistence and glegioy of
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populations? (2) are the sexual organs efficieBitts(the species able to
cope with this particular habitat? (4) is it thesies in danger?

MATERIALS AND METHODS
Foecies

P. allionii Loisel. is a small perennial rosette plant showdng
specific affinity with carbonatic cliffs, absent amy other types of
habitats. It mainly lives in mesoMediterranean aograMediterranean
bioclimates (between 500 and 1200 m a.s.l.), beallp may reach the
subalpine belt (up to 2000 m at the Bec d'Orel Nass$his plant is
dominant in thePrimuletum allionii vegetational association together
with Asplenium trichomanes L., Campanula macrorhiza J.Gay ex
A.DC., Hypericum corisL., Potentilla saxifraga Ardoino ex De Not. and
some other rare and endemic species Nkehringia sedoides (Pers.)
Cumino ex Loisel. (endemic to SW Alps).

The species range is limited to a small area ef Ntaritime
Alps. Populations (52) were recorded in the midRieya Valley in
France (N = 16) and in the Gesso of Trinita (N ¥ Rbaschia (N = 8)
and Vallegrande Valleys (N = 1) in Italy. In gerlethe populations are
divided in two main groups: the first living intbe North in Italy, the
latter into the South in France, and they are fdrbybthe remains of a
previous wider area of extension reduced and stgghly the ice sheet
during last glaciations. In fad®. allionii is supposed to be a pre-glacial
relict belonging to an ancient subtropical mounteiimate (Martini,
1994).

Plants bloom from January to April according togmphical
position and in general flowering period lasts éhraonths (data in
elaboration). As for other taxa of the genBsallionii is heterostylous
and each specimen may bear long styled (pin — Bjurd-1A) or short
styled (thrum - T - Figure 1B) flowers.
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Fig. 1. A, mature flower in P and T morphs — bar = 1 nBnjpollen grains,
glycerol-gelatine and fuchsine staining — bar = @; C, SEM view of
ellipsoidal 3(-4)-colpate pollen grains with smaihngular polar area — bar = 1
um; D, pollen grains germination on stigmatic papillake hand-pollinated
flowers, TBO staining — bar = 1@0m; E, longitudinal section of pistil in a
mature flower at bloom, TBO staining — bar = 1 ni#njongitudinal section of
stigmatic papillae in T morph — bar = 10n; G, longitudinal section of
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stigmatic papillae in P morph — bar = fh; H, petal at optical microscope
showing strengthened invaginations in epithelidiscebar = 50um; J, petal
longitudinal section at optical microscope showisigengthen columns in
epithelial cells, TBO staining - bar = 20n; K, petal surface showing the
“jewel-effect” in field - bar = 1cm.

Sudy sites and plots

Two natural populations from the southern groupl(Roya -
France) were studied from November 2007 to Noven2fdi0 (three
flowering seasons). The first population of ‘Chia#t Berghe Inferieur’
[44°02'06"N 7°33'34"E; 1100 m a.s.l.; mean annuatcjpitation
1031.50 mm, mean annual temperature 11.5°C (Ijipoth.u-
3mrs.fr/imsc4lwww/poscli/B72.html), the second ofdyfa — Berghe
Superieur’ [44°01'44"N 7°34'07"E; 807 m a.s.l.; tn Kar from the
previous]. They were selected for their easier s&ibdity during the
flowering period, in winter.

The study was mainly conducted at the largest ljadipn of
‘Chiarin — Berghe Superieur’, harbouring thousard irdividuals,
where two representative plots (Pt1 — exp. S a@d-Réxp. SW) were
selected as the two typical population arrangemehf. allionii: the
vertical and the overhanging cliffs respectivelythdrd plot (Pt3 — exp.
NE) surrounding a cave was selected at ‘Traya -glB®rSuperieur’.
Each plot was permanently marked with a plastingtdelimiting the
cliff at the mean height of 2 m from the ground &mda length of about
12 m. The three plots with a similar area (Pt1 rtie@l cliff — 21.99 n;
Pt2 — overhanging cliff — 24.52 qnPt3 — cave margin — 23.28°m
harboured 120, 89 and 53 individuals, respectively.

Demography of populations

The plants were permanently listed, numbered abdllled on
the cliff and then mapped in each plot. From NovemB0O7 to
November 2010 the demographic evolution of thespledis checked up
and monitored by recording the eventual death aintplor the
appearance of seedlings.
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Flower description and sexual organs functionality

Anatomy of mature flowers was investigated in orde
describe flower and sexual organs development. hrcM 2008 (at
flowering peak) we collected 100 flowers (T = 50ddm = 50) from
which anthers, pistils, petals and sepals wereraaga sampled. The
samples were fixed in FAE (formalin-acetic acidestbl), alcohol
dehydrated and embedded in 2-hydroxyethyl methatylresin
(Technovit 7100, Heraeus Kulzer GmbH & Co.). Froacle flower
organ longitudinal sections were cut giré intervals, mounted serially,
and stained with toluidine blue (Sigma), pH 4.4B@en & McCully,
1981). Observations were accomplished with a L&K2000 optical
microscope. Pollen grains (size of equatorial amdarp axes) and
stigmatic papillae dimensions (width, length antkeispapillar space)
were observed and measured with Leica IM 4.0 soéwa

Pollen collected from dehiscent anthers and stigmaere
sampled from 10 flowers belonging to P and T moygudlen grains
and stigmatic papillae were analyzed as followfra¥h pollen grains
were treated with glycerol-gelatine and fuchsind abserved with an
optical microscope; b) fresh pollen samples (N ©-180) and stigmata
(N = 20), dehydrated or non dehydrated in ethaeoés, were air-dried
on SEM stubs, sputter-coated with gold, viewed witheo 1450 SEM
at an acceleration voltage of 20 KV, and photogedptvith a Nikon
Coolpix 5400 digital camera. We also verified the vivo pollen
germination on stigmata: open-pollinated flowers%N) from different
individuals were sampleth situ and observed with a Leica DM2000
optical microscope and with a Leo 1450 SEM aftstilgi preparation as
previously described for each technique.

Flower and fruit production

A complete survey of the plots was made each gedrtwice a
month (from December to April) in order to verifiiet reproductive
status of the plants. The sexual morph (P or T¢awfh specimen was
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detected during the flowering period, recording tiuenber of flowers
and fruits born. The correlation among individuahension, flower and
fruit production was calculated with Kendall Tauetfccient. The
comparison among plots production was elaborateith VNOVA.
Statistical analyses were performed with Statis8i€a(StatSoft, 2007).
Morph/flower bias was calculated for each populats the difference
between the total number of flowers produced bynPTamorphs,
respectively, and divided by the total number ofvérs produced. It
can vary from -1 (only T flowers present) to 1 §oR flowers present),
with 0 indicating the equal frequency of both P dnftbwers.

RESULTS
Demography of populations

The three plots harboured a different number @nid. In
particular, individuals lived in holes and crevicaisd rarely formed
clusters of individuals, distinguishable for thenegular shape and for
the presence of flowers belonging to different nhatprhe number of
individuals seemed to decrease at increasingstéffipness (Table 1).

(t;l;)ﬁe '(Ar:]ez;’l n/nf (?rr)?z) Cov.% dead sdl%
Pt1 Vert. 21.99 120 5.46 33.46 (sd 35.26) 1.83 3 8
Pt2 Overh. 24.52 89 3.63 63.15 (sd 81.68) 2.29 8 9
Pt3 Cave 23.28 53 2.28  49.41 (sd 53.30) 1.13 9 2
mean 23.26 87.33 3.79 45.42 1.72 6.3 6.3

Table 1. Demographic data of the three study f{lots-Pt3) and of the species
(mean) during the whole study period. For each atetreported: total surface
in m? (area); number of specimens (n); plant densityr@/ individual’s mean
area in crh(mA); total coverage by all specimens (Cov.) inceatage; number
of dead specimens recorded (dead); number of seealtiserved (sdlg).



Boll. Mus. Ist. Biol. Univ. Genova, 74, 2012 94

Each individual was formed by a clump of leafy etbss
originating from a unique rootstock. The typicatesifor a plant was
about 7 x 8 cm (mean area 45.42°ciand in general most of plants
(88.28%) resulted small with a diameter lower th@ncm. Few larger
specimens (max. area 362.67°gmvere observed in the most protected
and shadowy sites of the plot. Plant dimensions rditl show any
significant variation during the study period. Rlanean dimension
varied from 33.46 (Ptl) and 63.15 (Ptl). Plant dgnsried from 2.28
(Pt3) and 5.46 (Ptl) individuals per square mefdre total plant
coverage percentage in the plots varied from 1Pi3)(@nd 2.29 (Pt2).

P. allionii showed a substantial demographic stability (Tdble
with a very low renewal of plant during the studyripd (A% = 0.38).

Flower description and sexual organs functionality

The androecium was fused with the perianth (Figii¢ and
consisted of a whorl of five stamens. Anthers mesb.43 (sd 0.28) x
0.58 (sd 0.12) mm in P, while they resulted 1.60 {s36) x 0.65 (sd
0.12) mMminT.

Mature pollen grains (Figure 1B-C) were bi-nucleaith a
spermatic and a vegetative nucleus (Figure 1B ayolheir shape was
ellipsoidal, detecting a polar and a equatorias &always oblate), 3(-4)-
colpate with small polar area. They had differemeahsions in the two
flower morphs: P grains [pol. 11.70 (sd 0.10) pep; £5.60 (sd 0.20)
pm] were bigger than T ones [pol. 16.70 (sd 0.1®) gq. 20.50 (sd
0.20) um]. The exine [1.00 (sd 0.02n] rough in form was sculptured
with reticulate ridges. Fractured pollen grains vebo that short
columella with thickened distal ends are connettefbrm the surface
pattern. The nexine was irregular in thickness elralvs a characteristic
pattern of microperforations. Pollen grains were@unded and hold
together by pollenkitt. The germination test oflpolgrains gave good
results bothn vitro [35.78 (sd 8.48) % in P; 60.45 (sd 8.42) % infid a
in vivo as observed in the histological sections (Figupg¢ 4&nd SEM
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images of hand-pollinated and open-pollinated fiswe

At anthesis the gynoecium was variable in lengtBg (sd 1.16)
mm in P; 3.17 (sd 0.56) mm in T] and it showed ¢hfenctional parts
(Figure 1E): a tricarpellar, unilocular glabrousaoy [ 1.53 (sd 0.24)
mm] with a free-central placentation and many hewi@pous ovules
[N = 30 (sd 8)], a style variable in length [0.6@l (0.13) mm in P; 0.45
(sd 0.11) mm in T] and a lobate stigma bearing mooe papillae
[length 16.41 (sd 0.41)m in T (Figure 1F); 21.03 (sd 0.4Qjn in P
(Figure 1G)].

Ovule and embryo degenerations were never observed
However, according to the gathered seed data, 20d§0% of ovules
(calculated in 50 ovaries) were fecundated and Idped in well
formed seeds (percentage of seed-ovule ratio).

Anatomical sections of petals showed large andnded
epithelial cells refracting the light when the d@ads exposed to the sun
(Fig 1K). These large epithelial cells were altéedawith smaller ones.
Their cell wall showed invaginations (Figure 1Hjrfong some (N = 5-
10) strengthened column-like points (Figure 1Jwas)o

Flower and fruit production

Overall flower and fruit productions of fertileguits (N= 213
corresponding to the 83.53%) during the three syedys were reported
in Table 2.

The plants flowered when they reached a diamdtérsocm at
least. The species (P= 57.28%, T= 42.72%, morp$ Hi@.13) and the
populations (Ptl: P= 52.73%, T= 47.27%, morph biak05; Pt2: P=
61.54%, T= 38.46%, morph bias = 0.23; Pt3: P= 3%,89= 42.11%,
morph bias = 0.16) resulted constituted by a dijgtiteater number of
individuals belonging to the P flower morph. Thewkr bias (0.206)
and the fruit bias (0.209) were constant betweandT morphs.

The total productivity (Fr/FI%) of. allionii along the three
years was estimated in 52.18% (Table 2) with weaations among



Boll. Mus. Ist. Biol. Univ. Genova, 74, 2012 96

the plots and along the years. According to Kendall coefficient

plant dimensions had a low correlation with flovpeoduction (0.30 p<
0.05). On the contrary, a consistent relationsfid p< 0.05) between
the number of flowers and the number of ripe frypper plant was
present, as shown by the derived scattered plguf€i2).

FI Fr FFl Pt Y
oq P 6563 6943 5142 o
T 3437 3057 4324
2008 Ptz - 9333 5789 4Ll o5, 5578
T 4667 4211  40.82
o3 P 5946 5467 6212
T 4054 4533 7556
oq P 6054 6138 5251 .
T 3946 3862 5068
2009 Ptz - 9487 5579 4953 4045 5p o8
T 4513 4421 4773
g P B877  B5A7 4776 oo
T 4123 4483 5532
oq P 6417 6264 4719 .o
T 3583 37.36 50.39
2010 Ptz 5882 5944 5313 o, o; 5gg3
T 4118 4056 5179
s P 4922 5310 9524 oo
T 5078 46.90 8154
P 6031 6048 5233
ToT T 3969 3952 51.96 5218

Table 2. Flower (FI) and fruit (Fr) production amelproductive success in
percentage (Fr/FI%) calculated on the total pradactFl and Fr) in the study
plots (Pt1-Pt3), in the flower morphs (P and T) amthe species (TOT: P and
T) during the study years (%Y) and in the wholeqa(bold).
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fruits

-10 0 10 20 30 40 50 60
[fowers/ruits: y = 0.3622 + 0.5315*; 2 = 0.7803|  flowers

Fig. 2. Scattered plot derived from the comparisetween flower bore by
plants ofP. allionii and the relative number of ripe fruits.

Reproductive efficiency data are reported in T&ble. allionii
capsules contained on average 5.78 (sd 4.36) $eeds.35 (sd 3.77);
T=6.12 (sd 4.75)]. According to the mean fruiteduced per year in
the different plots (Table 3), a mean number of-6380 diaspores per
plot per year was estimable. However, the real randd seedlings
recorded was always very low (mean 0.21% of aviailabeds).
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2008 2009

Fr seedsdlg % Fr seed sdlig %
Pt1 157 1140 3 0.26 290 2192 3 0.14
Pt2 95 528 4 0.76 95 657 3  0.4¢6
Pt3 75 568 1 0.1858 491 1 0.2(
Tot 327 2031 8 0.39 443 3340 7 0.2]1

2010 Total
Fr seed sdig % Fr seedsdlg %
Pt1 348 2428 2 0.08 795 5760 8 0.14
Pt2 143 603 2 033333 1788 9 0.50
Pt3 113 757 0 0.00246 1816 2 0.11
Tot 604 3788 4 0.11 1374 9159 19 0.21

Table 3. Reproductive efficiency observed in thee¢hplots (Pt1-Pt3) and for
the whole study (Tot): total productions of fruifruit) and seed (seed),
seedlings (sdlg) and their percentage (%) relatedhe number of seed
produced recorded in the three study seasons (2008-2010).

DISCUSSION

Our results on the demography of populations skicavstability
of the species despite the very low turnover ofgscimens. The mean
dimension of plants was in general quite small.shewed by Kendall
Tau analysis, plant dimension had a low correlatigith flower
production and those specimens with a larger sdendt show often a
number of vegetative rosettes proportional to tigdobal dimension.
Some old plants showed many dead leafy rosettesnter of the clump
and few number of living rosettes, generally aloitg margin.
According to plants’ dimension and growth rate reea inP. allionii,
longevity seems to be one of the main biologicatidees of the species.
No vegetative shoot proliferation was ever observeersistence by
longevity has been rarely considered as an alieentt regeneration by
seedling for plants showing multiple demographiategies. Recently, a
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conceptual model of multiple demographic stratedias long-lived
plants in stable habitats with high gradients ofotd stress or
interspecific competition was proposed for plantgng on cliffs
(Garcia & Zamora, 2003).

Among the three selected habitat types some diffars were
revealed in population structure: on vertical slifPt1)P. allioni seems
to show a higher specimens density but a lowertglanension average
and a lower coverage percentage; on overhangirify ¢Pt2) plant
density decreases and mean dimension are largdreBocoverage is
sensibly higher. A different situation was desatibie the cave (Pt3)
where the population density was very low as welthee coverage. On
this base we can assume that vertical and ovenhgraliffs are those
habitats preferred bf. allionii as confirmed by the small number of
dead plants and higher number of seedlings. Howsher very low
level of plant turnover observed in populationsing on cliffs
completely fits with the theory that regeneratignseedling would be
mainly promoted under low abiotic stress or undmsv competition,
whereas persistence by longevity and/or vegetadpeoduction would
predominate at high levels of abiotic stress or petition (Garcia &
Zamora, 2003).

Even if microhabitat’s different levels of abiotiesources may
act upon plant growth and dimensions and probapbnuboth pollen
and seed production (Gaudeul & Till-Bottraud, 20Q4¢ large number
of fertile plants in the three study plots indichteo large differences
among the populations.

The anatomic investigations on reproductive orgainiowers
showed a good reproductive efficiency. Both mald #éemale organs
always showed a normal development and the finat fand seed
productivities demonstrated also an efficient repiative biology.

In particular, pollen grain production was coreigtin anthers
with some difference in germination rate betweem tivo flower
morphs (two times higher in T). However, a subséhrdompensation
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might be supposed: P anthers contained a greatabaruof pollen
grains than T ones due to their smaller dimensidi& final pollen
availability acting in the breeding system might bémost equal
between P and T plants.

The analysis of female flower organsRnallionii confirmed its
strict intramorph incompatibility typical of hetestylous plants. The
correct combination of pollen/stigma between the fleral morphs is
assured by the specific correlation between stignpaipillae and pollen
sizes of reciprocal floral morphs. The sectionedrims at different
developmental stages showed always well formedesvahd embryos,
even if only 20% of ovules was really fecundated daveloped mature
seeds. This limitation in seed development seenk®di to a probably
reduced pollen supply on stigmata by pollinatoeggdot shown).

This is in contrast with the particular arrangemanP. allionii
petals that seem to be for a pollination improveimdre species is the
only primrose species showing a special brightre#spetal surface,
defined as “jewel effect” by horticulturist (Ricli®;, personal
communication). Anatomical sections of petal highted an epidermal
cell arrangements probably increasing light reftecbut surely making
petal more strength for a long time. The roundealxead cell walls of
petal epithelial cells are probably responsibletld “jewel-effect”
observed in the species (Richards, personal conuation) and
common in plants pollinated by bumblebees (Kay lgt1®81). This
physical phenomenon makes the petal surface mane simd able to
reflect the incident sun light (Dyer et al., 2000n the contrary, the
strengthened cell walls seem to be able to sustiginheavy insects.
These structures have never been described beféhemula but they
are similar to those observed Betunia hybrida (Zenoni et al., 2004)
and comparable to the armed parenchyma&iofis, whose cells are
infolded with many cell wall invaginations (WiebeAl-Saadi, 1976).

P. allioni presented a large number of fertile plants (83)53%
and a consistent overall fruit production of 52.1&h weak variations
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among the plots (probably due to microhabitat festdavouring pollen
vectors presence) and along the years (weathenditamns during the
flowering period). No correlation was evidenced wen flower
production and plant dimensions but fruit productiaf a plant was
linked to the number of flowers borne each yearmsEhplants (even
small) bearing many flower showed a high numbédrwfs in summer.

The lack of any consistent differences among pecbdties in
the three study plots d?. allionii indicated that inter-morph pollen
transfer by pollinators should be present and egunaing populations in
the whole distribution area, as already observadtlie fertility of
mainland and island populations Bf mistassinica (Larson & Barret,
1998).

On the other hands, population density were notigwedictors
of fertility within plots, suggesting that the ¢lifonformation (vertical,
overhanging or cave) might influence local ecolagiactors resulting
more important in governing reproductive success @opulation
density. The best production was recorded in tho pith a vertical
cliff and a higher sun exposition, probably enaplim better
reproductive fitness. In these particular condsgiothe presence of
pollinators was more consistent being the flowepegod in winter and
early spring. These results, evidencing climateitéitions, might be
compared to those already reported Forveris where a low habitat
quality affected pollinator densities negativelyy8et al., 2003).

The low biased morph frequency recorded was ahdurt
indication of the breeding system efficiencyRofallionii, in contrast to
the results from other heterostylous species shpviiiased morph
frequencies interacting with limited pollinator ratttion in small
populations (Byers, 1995; Kéry et al., 20@®ys et al., 2003). For
distylous and intramorph incompatibRrimula species the probability
of plants receiving suitable pollen increases wtiendifferent morphs
are equally present in the population (Kéry et &Q00). The
equilibrium in the style-morph ratios consisterfibyind in populations
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of P. allionii does not cast doubts on whether self-fertilizatiorP.
mistassinica (Larson & Barret, 1998).

Because the breeding system determines both cptargly
(demographic) and qualitatively (genetic) cruciahrgmeters, the
characterization of the reproductive biology of amgered and locally
distributed species provides invaluable informatimmninderstand if they
are truly endangered (Zalba & Nebbia, 1999) anslygest appropriate
conservation measures (Gaudeul & Till-Bottraud,206rom this point
of view P. allioni does not appear so much in threat.

Another parameter used by plant population biatsgiis
population turnover. If a population has to surviezer many
generations, the offspring must replace the dyiagept generation, so
that population growth rates remain stable or pasi{Oostermeijer,
2000). In general, the main problem of this eveighibe germination
failure, seedling establishment or seed predatiomlb@ & Nebbia,
1999).

In P. allionii the only potential limit on the stability of
populations is the low number of seedlings recoraéddch is likely to
depend on high stress habitat where the plant.litepresence on cliff
was probably induced in order to its low compeditiess against other
plants: in any other rocky condition but not ontigad or overhanging
cliffs, the species does not have any survival ipdigg for its very slow
vegetative growth (personal datR).allionii survival is mainly linked to
plants longevity than to the fair probability tfeaseed of the thousands
produced finds a small fissure or a hole on th& €ither investigations
undertaken by us pointed out that the disseminasianainly linked to
gravity (unpublished data). Nevertheless, as agbamdmpensationp.
allionii shows a high percentage in germination (> 70%-20°€ —
personal data), in contrast with data obtainedPoneris revealing a
very low rate (0.01%) in seed viability (Brys et, &003; Jacquemyn &
Brys, 2008).

NowadaysP. allionii does not appear as a threatened plant even
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it lives in a specific habitat, naturally fragmesitédlthough its present
demographic status seems quite strong, we canxcbaide that future
climate variations, in addition to slow renovatidynamics and habitat
naturally fragmented, might change its reproducti@ogy and as a
consequence its distribution range. Fragmented lptpos are often
only insufficiently connected through seed/polleispdrsal and may
form a non-equilibrium metapopulation with highextes of local
population extinction than of colonisation (Jacqireret al., 2002;
Lienert, 2004). Nevertheless, by taking in accouhé efficient
pollination syndrome oP. allionii made by bumblebees (personal data)
and the low morph bias recorded in the populatiah& genetic
exchange among the population seems to be asswspitel seed
dispersal might by difficult according to specifiabitat. For this reason,
the local population extinction cannot be consideee risk for the
species.

CONCLUSIONS

The study highlights the usefulness of adopting esdv
complementary approaches to understand the dyngmicesses
working in natural populations, and emphasized twmservative
implications forP. allionii. Although the studied populations do not
seem threatened in the near future, long-term rong appears
necessary to assess the impact of future habitdifications and to
asses their genetic status.

Several plant species have evolved over long tiamges in
naturally small, isolated populations and are vaelhpted to surviving
under these special conditions. Several typesriy r@e acknowledged
in plant ecology: (1) rare species may be confitted geographically
narrow range, such as alpine plants, (2) they ncayroonly in a narrow
and very specific habitat range, such as wetland&) species may
occur in small numbers and densities, which melaaislocal population
sizes are always small (Begon et al., 1990).
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P. allionii can be classified into a combination of these
categories. Whether a rare species also becomesgared, depends
on various attributes such as mode of reproducti@persal ability or
habitat specificity and historical events actingpmghem. Moreover,
survival can also be largely dependent upon thactstre of the
intervening landscape or habitat. Like a rare araain quickly become
extinct, when the habitat is increasingly destrofie@nert, 2004) P.
allionii might be subdued to a similar event in the future.

Species conservation strategies must be orierdedeverse
deterministic threats to maintain or increase pafh size as rapidly as
possible, and they should include at least thedoetg components:

— enlarge the adjacent natural reserves parkgier ¢o protect not only
the present range of the populations but also adjasites to allow
recolonization;

— regulate the human activities in the cliff (climdp etc.);

— startex situ conservation actions meanwhile assessing the igenet
status of each population before proceeding witle thim of
manipulating the extant population with releasesifcaptivity.
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