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Abstract

Dianthus erinaceuBoiss. varerinaceuss an endemic living on tops of four mountainshe fAegean region
of Turkiye. The aim of this study was to investagéte distribution area, the risk category accgdinlUCN V 3.1, the
habitat features and the relations between sonmbesk features and reproductive sucdissithus erinaceusoiss.
var. erinaceus The number of individual is highest on Spil Pand lowest on Sarikaya Tepe. The widest distinuti
area is on Nif Da.

The soils supporting these populations are slightkaline with pH 7.1 and 7.5, nonsaline, rich inG;
content and poor in organic matter. Total yearlgpfedl is little over 1000 mm in the study areacegt Sarikaya Tepe
and about 950 mm on Sarikaya Tepe. The temperaaueelselow FC from December to March at Spil Pand Nif
Dag.

Plants of Nif Dg population are bigger than other populations viithger leaves. Number of flowers is
highest in Sarikaya Tepe population. Mean viabkelssumber in a flower is maximum in the individuafsSpil D&z
while this number is minumum in Sarikaya Tepe iidligls. Due to lowest mean number of viable seedhé
individuals of Sarikaya Tepe, number of viable sdadinit is also low.

There is a negative relation between annual meapdgature but positive between total annual rdirzfad
number of individual. A negative corralation wastained between the amounts of, IKé*, organic matter; positive
with CaCQ and P with mean plant height of populations. Meamber of flowers in a unit is positively correldtaith
temperature and negatively correlated with rainfAllnegative correlation was found between meamlgigeeded
flower number and mean viable seed number with nmant height of populations. A positive correlatibetween
mean viable seed number and organic mattéf, Bef*, K* ; but CaC@and P are negatively correlated.
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O

Turkiye endemigi Dianthus erinaceusBoiss. var.erinaceus’un bazi ekolojik 6zellikleri ile Greme baarisi
ili skileri

Ozet

Turkiye endendi bir bitki, Dianthus erinaceuBoiss. var.erinaceus Ege bdlgesindeki 4 dan tepelerinde
yasar. Bu calgmanin amaci, populasyonlardaki bitkilerin yaydilanlarini, IUCN V 3.1 gore tehlike sinifini, highi
Ozeliklerini ve bu 6zelliklerin bazilar ile Urenfesarisi arasindaki gkileri aragtirmaktir. Birey sayisi Spil ganda en
cok, Sarikaya Tepe'de en azdir. En gsiyilis alani Nif dgindadir.

Populasyonlarin topraklari, hafif alkali, pH 7.5 #uzsuz, ¢ok kirecli, organik maddesi azdir. Taphallik
yagislar ise Sarikaya gindakilerde 1000 mm’nin biraz Uzerinde, Sarikayad®® mm civarindadir. Spil ve Nif ‘te
Aralik- Mart arasinda eksi yada’Q sicakliklar gérilr.
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Nif dagl populasyonunda bitki ve yapraklargdi populasyonlarindan daha buytktir. Cicek sayasik8ya
Tepe populasyonunda en yiksektir. Bir cicekte ane verimli tohum sayisi, Spil Babireylerinde en yiksek iken,
Sarikaya bireylerinde ise en azdir. Sarikaya kemydle ortalama verimli tohum sayisi coksdk olduzundan,
birimdeki olgun tohum sayisi da giktur.

Birey sayisi ile yillik ortalama sicaklik arasindegatif; yillik toplam yais ile pozitif iliski vardir.
Populasyonlarin ortalama bitki boylari ile" KF¢* ,organik madde miktarlari arasinda negatif; CaQ® arasinda
pozitif iliski bulunmutur. Bir birimdeki ortalama cicek sayisi ile siblikpozitif, yagis ise negatif ilgkilidir.
Populasyonlarin ortalama bitki boylari ile ortalaoanl tohumlu cicek sayisi ve ortalama canli tolsayisi arasinda
negetif iligkiler bulunmytur. Ortalama verimli tohum sayisi ile Cag@ P arasinda negatif korelasyon olmasina
ragmen; organik madde, FeC&*, K* arasinda pozitif ifiki vardir.

Anahtar kelimeler: Dianthus erinaceusar. erinaceuspopulasyon ekolojisi, koruma biyolojisi
1. Introduction

Recently, several investigations have been undemtéér conservation of biodiversity; particularBrndemic
taxa for their importance for being rare and oange in habitats with restricted requirements, facthg increasing
risk of extinction. Many species either becomer&ttor are subjected to pressures such as climlaticges and habitat
losses while sustaining their populations. Recemntigny papers have been published to overcome treddems
(Menges, 1998; Matthies, 2004)

It is thus necessary to know the causes of thi@atdnservation of species and determine the caeites
deterministic such as habitat loss or stoechastib sis demographic, genetic and climatic changesyMppropriate
strategies have been determined and one of thébjmapproaches is to observe the population bebawf threatened
species for a sufficent level of protection (Maorx&omez et al., 2003). Another approach is to prewvbe
fragmentation of populations. Generally extinctdre to narrowing of borders of habitats and unfaable effects on
reproductive potential of insect-pollinated plaimisreases fragmentations in populations (Guttmaff9; Hooftman et
al., 2004). Fragmented populations are mostly sedmbitats above tree line at high mountains. Mpayameters
change in short distances at these altidudes (&ehgn 1998).

Caryophyllaceaewith its distribution center in the Mediterraneagion and adjecent European and Asian
parts is an important family in the Flora of Turkepresenting 479 species which 193 of them arereius (Erik and
Tarikahya, 2004, Heywood, 197&)ianthus erinaceudoiss. is one of these endemic taxa in this faraitg lives
above the tree line on the tops of high mountdtnis.represented by two varietas in the Flora afkBy; var.erinaceus
is only known from type locality, Spil @a&Manisa and varalpinus Boiss. from type locality, KazgaBalikesir and
second record from Murat Re-Kutahya (Davis, 1967)Dianthus erinaceudBoiss. var.erinaceusis found in the
treeless zones of Nif ga Mahmut D& (izmir-Kemalpaa) and Bakird&-Sarikaya Tepesi (Manisa-Kirgac). The
field observations revealed that very few seedsgete and presence of young seedlings in the ptipns exposes
the plant to an endangered situation.

The aims of this study were to determine the distion areas, approximate numbers of indivudiakk r
category according to IUCN V 3.1, habitat featui@sg reproductive success together with relatiats/iden habitat
characteristics and reproductive success.

2. Materials and methods
2.1.Study area

Studies have been done 2004 -2005 and data is takéme first author from his M. Sc.Thesis workud®t
area were treeless high mountain belts startingy ftd60 m. at Spil Da (1536 m), 1200 m. at Nif 3 (1500 m),
1120 m. at Mahmut Oa(1360 m) and 900 m. at Sarikaya Tepesi (1078 mgu(€ 1).

Limestone, bare and rubble rocks and lithosol sailsstly predominate the study area. According to
Emberger’s (1955), summer drought index the studg & under the effect of mediterranean climatétatal rainfall
in summer less than 200 mm. Vegetation of the saudgs was high mountain step and subalpin custhinrbs Pinus
nigra lives at the lower bounderies of the study arBémnthus erinaceuBoiss. is seen at the end of this belt. The plant
cover consist of many cushion shrubs and herba1{8ec1982).
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Figure 1. Distribution of populations
2.2.Study plant

Populations of narrowly distributed endemic pldbignthus erinaceu8oiss. var.erinaceus were studied in
Spil D&g1, Nif Dagl, Mahmut D& and Sarikaya Tepe-Bakir RgKirkaga¢-Manisa) between 2004 and 2005.

Dianthus erinaceugoiss. var.erinaceusis spiny, round shaped plant and looks like hedgehus an epitet
has been given for this diagnostic feature. Lednszome narrow towards the tip and tips are spitowérs at the tip
of shoots are frequently solitary. There are 6-fdrteols. Sepals are linear, long-mucronate aralpink, barbulate
and dentate. Fruit is a capsule.

2.3.Methods

Number of individuals and defining the borders dftribution areasThe borders of the populations were
determined by using GPS coordinates of the indadislat the lowest altitudes. Individuals were cedntor each
population in the 200 Mmquadrats taken randomly on 50 m. long transeet Ibata was transfered to the PC-GIS 3.2
programmeSpil population was taken as start point for posiand distances of populations with each other.

Biometric measurements: 30 individuals were setbated numbered per population. Width, lenght anghte
per individual was measured. At least 3 floweredog$, flowerless shoot and flowers with maturetfrcapsule) were
selected from each individual. The morphologicatfiees used in the identification key were recorfledn 360
samples.

Soil Analysis: Approximately 1, 5 kg soil samplesrh 20 cm depth were taken from the population$ wit
dense individuals. Samples were sieved using  si@ve, and analysied in Soil Department of Agtimal Faculty,
Ege University.

Climatic Interpretaion: Temperature and rainfallues of the study area were calculated according to
Sezer's(1993) extrapolation formula using Manisd Emir 's 30 year's monthly mean temperatut€)(and rainfall
(mm) taken from General Management of Meteoroldgidtairs (Meteorolojiisleri Genel Midirlgu).

Reproduction of flower and seed: A 100 “crim size(unit area) was left at different placesnoimbered
individuals. 2-5 frames were taken according to glze of cushion and flowers and flowered shootsnted within
these frames.

The number of shoots with flowers was calculatebelew where Sindicates mean number of flower shoots
in a unit per individual; § mean number of flowered shoots in a unit in tatalividuals; Y;, cushion area of an
individual; Y, total cushion area of individuals; Galculated number of flowered shoot in a unit &réa cn).

Si=(Y2/100)A,;
SI=SH+SHSHSt +
YT=Y1+Y2+Y3+Y4+ ............. +\§,0
Cs=( Srx 100)/¥7

Number of flowers in a unit area was calculatechvite following formula, ((B/A) ))/100 A represents
number of flowered shoots of samples and B nhumb#lowers in a shoot. Flowers with at least onebléaseed were
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accepted as productive and percentange of theseriocalculated in the populations in accordanch this counting.
Number of viable seeded flowers in unit area (166 xwas found by multiplying the numbers of viableds in
populations with percentage of productive flowedMsimber of viable seeds produced in unit area wislleded by
multiplying number of viable seeds per flower witliis number.

Mean and Standart Error of Mean were given in tioeketrical measurements. Attempt was made to ptesen
the relations by regression between parametersilofisd climate with numbers and height of plamsd aeproductive
capasity. Mean annual temperature and rainfalleslof 2005 were correlated with mean flower nunibesin unit
area. The single linear model (y=a.x+b) were ugefind the relationship between features of sonikasal climate
with numbers and height of plants and seed prodtictiAll significance levels were at P<0.05. NSfers not
significant.

3. Results
3.1.Numbers of individual and size of area

Spil Dasi population is found at the highest elevation wifdest belt among other populations. Nifgda
population follows it. Sarikaya Tepe populationstxiin the lowest elevation with narrowest belte Highest number
of individuals are in Spil Da and Nif D& populations in according with the distributiorhélother two populations
are very low in number from first two populatio®pil Dagl, Nif Dagl and Mahmut D@ populations are close to each
other and there are 13-25 km distances among tBarrkaya Tepe population is far from these andidtsts among
them are 59-82 km (Figure 2).
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Figure 2. Distances among the populations
3.2.Soil features

The soils supporting plants are slightly alkalingw.10 and 7.53 pH values. Stone content is betvd® and
84 %. Nonsaline, rich in CaG@37.83-43.02 %) with sandy-loamy texture. Organgtter changes between 3.44-6.40
%. Soils are rich in metals such asF€, Zr** and Mrf*, but sufficient in K and poor in P. The amount of total
nitrogen, C&", F€", available Ct" and Mrf" are highest in the Spil Bawhereas Pis higher in the Nif Dai. Organic
matter, K, Mg®* and available Zii amounts are highest in the MahmutgDand N4 amount is highest in Sarikaya
Tepesi (Table 1).

3.3.Climatic features

According to 30 year's mean measurements; meanaanotal summer rainfall is 83,6 mm in Spil §a72,3 mm in
Nif Dagl, 66,3 mm in Mahmut Oa and 64,4 mm in Sarikaya Tepe. Total mean anraiafalls are a little over 1000
mm except at Sarikaya Tepe and about 950 mm ikk&8ariTepe (Table 2). The temperatures are bel6@ fom
December to March at Spil Band Nif D&i. Mahmut D& and Sarikaya Tepe are more warmer than these.
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Table 1. Soil features of populations.

Spil Dagl Nif Dagl Mahmut D& Sarikaya Tepesi
pH 7.42 7.53 7.34 7.10
Stoness (%) 85 80 84 84
Total salt (%) 0.03 0.03 0.03 0.03
CaCQ (%) 37.83 43.02 39.61 39.04
Sand (%) 53.57 68.40 59.72 60.33
Clay (%) 30.11 26.0 32.21 25.24
Loam (%) 5.3 5.6 4.7 6.2
Texture (%) Sandy-loam Sandy-loam Sandy-loam Saoaiyr
Organic matter (%) 6.2 3.44 6.4 5.1
Total nitrogen (%) 0.34 0.23 0.27 0.29
P (ppm) 2.22 3,45 2,19 2.57
K (ppm) 83 55 97 76
Ca (ppm) 4367 3236 3742 3122
Mg (ppm) 179 169 184 143
Na (ppm) 22 34 18 42
Fe (ppm) 31.44 15.52 27.31 23.47
Available Cu (ppm) 1.92 0.79 1.64 0.88
Available Zn (ppm) 1.65 0.53 2.56 2.17
Mn (ppm) 5.68 2.97 4.33 3.70

The temperatures in the area excee8C5in April and 10°C in May. The number of days exceedind® are
approximately 214 in all populations. 30 year's méamperatures are 6°C at Spil D4, 7,1°C at Nif Dag1, 8,1°C at
Mahmut D& ve 10,2°C at Sarikaya Tepesi.

Table 2. Mean of 30 year’s annual temperaturegaindialls in the populations (values extrapolatedoading to Sezer,
1993, Karaburun Yarimadasi Fiziki gafyasi, Ph D. Thesis. Ege Univ., Sosyal BilimlarsE, Cgrafya Anabilim
Dali).

Spil D&zl Nif Dagi Mahmut D& Sarikaya Tepe
Months °C mm °C mm °C mm °C mm
January -5.88 157.32| -3.87 161.78 -2.67 158.14 0.26 | 145.41
February -3.60 138.15| -3.29 137.31 -2.08 133.23 40.3 124.87
March 0.55 96.56 0.94 101.72 1.95 99.9 3.87 90.61
April 6.40 94.76 6.62 84.79 7.46 81.19 9.16 82.85
May 10.98 75.68 11.19 69.35 12.02 65.43 13.70 62,85
June 14.53 45.39 14.78 39.99 15.77 36.77 17.76 634.8
July 17.28 30.74 17.53 27.58 18.52 25.20 20.50 22.9
August 17.42 7.51 17.67 4.69 18.63 4.41 20.56 6.60
September 12.63 294 12.88 32.62 13.87 31.22 15.85 24.82
October 7.87 64.21 8.12 65.64 9.12 63.12 11.14 65.9
November 3.16 121.07| 3.43 136.40 4.50 134.3¢ 6.63 | 14.2D
December -0.43 201.40; -0.15 203.57 0.92 197.27 3.09 | 180.79
Total 6.7 1062.17 7.1 1065.45 8.1 1030.2 10.2 6.7

3.4. Plant measurements (vegetative and reprodeipiarts)

Mean height of plants changes between 165 mm a@ari2d. Smallest plants were observed in Spil da
population which presents the type sample in tloeaFdf Turkey. But, measurements are higher thasetigiven in the
Flora which mentions maximum 140 mm height. Thénbgl plants are among Nif Bigpopulation. Leaf sizes in
populations are rather close to each other thoegigta little small in Sarikaya Tepe populatiormvirless shoots in
Spil D&l flowered shoots in Mahmut @aare a little bigger than other populations. Theasurements of reproductive
structures show that all structures of SpigP@pulation are longer than others except lengtirafts. There is no
considerable differance in the lenght of fruits l§lea3).

3.5.Relations between some habitat features with glaight and population size

The relations of K (ppm), CaC@ (%), Fé" (ppm), organic matter (%) and @pm) in the soils of populations
with plant heights were investigated. A negativerelation was found between the amount 6{KS), Fé*(P<0,05),
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Table 3. Measurements of vegetative and reproguptarts of induviduals in the populations.

Spil Dagl Nif Dagl Mahmut d&i Sarikaya Tepe
Plant height (mm) 1655 240412 17548 185+1
Leaf lenght (mm) 19.8+0.4 20.1+0.5 19.8+0.6 18.2+0.
Flowerless shoot lenght (mm) 20.6+1.8 18.3+1.0 48B4 18.5+1.3
Flowered shoot lenght (mm) 73.9+£3.9 73.8+3.2 74.0+£3 72.5%£3.5
Baract lenght (mm) 17.1+0.5 16.4+0.4 18.2+0.4 16.8+
Bracteol lenght (mm) 17.5+0.4 16.0+0.3 15.0+0.3 0316.4
Sepal lenght (mm) 18.5+0.3 16.5+0.3 17.0+0.3 16.5+0
Petal lenght (mm) 21.0+0.2 19.0+0.3 18.8+0.3 18,040
Fruit lenght (mm) 9.7+0.2 9.5+0.2 9.5+0.2 9.5+0.2

organic matter (p<0,05) and plant height, howeasitive correlation was obtained between with Ca(=0,05), P
(p<0,05) and plant heights (Figure 3).

Studies on the correlations between temperatureanfill values and number of individuals reveatieat
there was a negative relation between annual neaperature and number of individuals (y = -0,00024986; R
=0,8126, NS): positive between annual total rairgfatl number of individuals (y = 0,0064x + 977,&7= 0,7169,
NS).
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Figure 3. The relations between some of nutritionialerals in the soil and mean plant heights ofuteons.
3.6.Reproductive success and relations with some hfleitdures

Mean number of flower in unit area in the indivittuaf Mahmut D&I and Sarikaya Tepe are higher than Spil
Dagl and Nif D& populations. Mean Viable Seeded Flower Number §#WN) in unit in the individuals of these
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populations are higher than others because of marimean flower number in unit in the individualsSarikaya Tepe
and Mahmut Da populations. Due to lowest mean number of viabkxlsn the individuals of Sarikaya Tepe, Mean

Viable Seed Number (MVSN) in unit is low (Table.4Hpwever, the case of Nif [Fapopulation is interesting. It was
determineted that this population is most unsudakgsth lowest reproduction phase though beingoseichiggest in

number and area.

Table 4. Seed productivity of populations.

Populations Mean Flower Mean Viable Seeded| Mean Seed Mean Viable | Mean Viable
Number in unit | Flower Number in Numberina | Seed Number | Seed Number
area (100 cf) unit Flower in a flower in unit
(MFN) (MVSFN) (MSNF) (MVSNF) (MVSN)

Spil Dag 80.022 38.35 15.09 4.34 166.43

Nif Dag 64.830 32.58 12.25 3.39 110.44

Mahmut D& 98.356 41.51 12.65 3.80 157.73

Sarikaya Tepe 106.927 42.58 14.54 2.65 112.83

Mean flower number in a unit area at Spilgbend Mahmut Dg populations was higher than Nif Babut
lower than Sarikaya Tepe population. Mean numbeioafers in an unit is positively correlated witheam annual
temperature of 2005 (y = 12,56x-50,116=R,5523, NS) and negatively correlated with tohfall of 2005 (y = -
0,22x + 349,8; R=0,6732, NS). An evaluation of micronutriets in 8wls showed that, it is found that organic matter
(NS), C&" (NS) , K" (NS), Nd (P<0,05), Mg" (NS), Fé" (NS), Cd* (P<0,05), and Z7i (NS) are positively correlated
whereas P (NS) and CagIS) are negatively correlated with mean viabledsaember (Figure 4).
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Figure 4. The relations of mean viable seed nurfM®SN) with some of nutritional minerals.

On the hand, a negative correlation was found betweean viable seeded flower number (NS) and mean
viable seed number (NS) with mean plant heigth.(5jgThere is also positive correlation betweemmeable seed
number and population size (y = 0,0011x + 128%; B,074, NS).
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4. Conclusions

Extinction of small populations is a result of stastic events like environmental, demographic,stedphic,
genetic impacts and of deterministic events suchadmtat destruction and climatic changes (Brussi®d1). Due to
global warming and destruction of habitats, popaoiet of some endemic species are becoming smaitkae exposed
to risk of extinction. Enough scientific data iseded to improve an effective conservation programspecies in
danger (Washitani at all. 2005). These data ardfinent for many threatened plants in Turkey.

At present, some very narrowly distributed popolati show that these are in danger of extinctionabse
they are so homogenous and have not genetic paitémtiadaptation to changing conditions (Guttmb®99). One of
these plants i®ianthus erinaceuBoiss. var.erinaceus.These plants flourish at highest places in fouuntains in
West Anatolia. Spil D& and Nif D& populations are very close to each other as nuwbiadividual and area size
among four populations. Farthest distance is betwéghmut D& and Sarikaya Tepe populations.

The heighest plants are at Nif @avhile the shortest are at Spil gopulations. As against this, the biggest
flowers are in the plants of Spil Balt was observed that plant heights shorten withdased amount of'KF€* and
organic matter and lenghten with Cagz@nd P. This could be accepted as a sign of being cadtmiso

The total distribution area of four populationgdss than 10 kfrand number of individuals is about 30,000. In
the light of this dataDianthus erinaceudoiss. var.erinaceusis categorized as CR B2ab(ii))+V according to IUCN
(2001) 3.V.1 criterion. The risk category has betated under Vu earlier in Red Data Book (Ekimlet2000) but
changed to CR with this study.

The narrow distribution and less number of indialus related with annual mean temperatures anthta It
is known that number of individuals decreases \itlrease in temperatures, and increases with isergarainfall.
This is a common result. Increased tempetaturesdanteased rainfalls effect most of plants and histerministic
effects onDianthus erinaceuBoiss. var.erinaceuspopulations. The Sarikaya Tepe population livethendriest and
warmest habitats among all populations and are eféestted by these conditions and is in a high. risk

A mean temperature of 5°C during growing season is important for plant lifethe treeless belt at high
mountains. The number of days when daily mean tembpes are over 1% determine the growth season. (Korner,
2001). Many woody plants need ovefG daily mean temperature for an increase totalveight (Ellenberg, 1988).
Long-time meteorological data show that the mearp&ratures rise over’® in April, 10°C in May in the habitats of
Dianthus erinaceusBois. var. erinaceus Temperatures 18C and above favour blooming and especially insect
activities to achieve pollination, while temperaras 5°C and above stimulate the shoot and bud formatfitre
temperatures rise over £6 during second week of June. Temperatures decteds¥ at the end of November, then
temperatures around zero or below zero govern iagpfnom this month to mid of April that any plaattivities are
seen. This case indicates the short growth seddbe study area.
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30 year’s extrapolated annual mean rainfall améauminumum in Sarikaya Tepe. There is approximatéy
mm difference with others. Summer rainfalls arehkefgf in Spil D&I, lowest in Sarikaya Tepe. This helps plants to
continue their life cycle at Spil @Za

Habitat realibility and genetic diversity are imtaont for sustaining the populations. High numbeimdivials
and successful sexual reproduction are importancémserving the diversity in the gene pool (Bosthal., 1998)
Sustainability of populations depend the viabildgd producing new offspring of individuals. Occuwranof new
individuals is closely related with seed formatigermination and succesful performance in competitio determine
the reasons effecting seed production is impodaming these stages (Colas et al., 2001).

Reproductive success bianthus erinaceusoiss. var.erinaceusare effected by annual mean temperatures
and mean annual amounts of rainfall. It was fourat thean numbers of flower in a unit is positivetyrelated with
annual mean temperature and negatively annual masafall. It can be concluded that these two patersemay be
source of stress. In spite of this response, becallow percentage of viable seeds in a floweBatkaya Tepe, these
two populations almost have the same reproductipacity. Number of flowers in a unit area at SpagDand Mahmut
Dagi populations is higher than Nif Ba but lower than Sarikaya Tepe population. It dsn concluded that
environmental factors have less effect to situneupabduction of plants in Nif Q@& higher number of flowers increase
productivity in Spil D& and Mahmut D& but productivity decreases though increased nurabéowers in a unit
area in Sarikaya Tepe. In view of the populatiomadyics, habitat of Spil Ba is most suitable for life cycle of
Dianthus erinaceuBoiss. varerinaceusamong all other population habitats.

It was found that negative correlations exist betwenean viable seeded flower number and mean nuafiber
viable seed with mean plant height. This attitugpased to general expectation that growth increpseguction is
another sign for population being at risk.

The work done by Oostermeijer et al., (1998) inlalod onGentiana pneumonantte report that number of
viable seeds per fruit and formation of seeds asitipely correlated with population size; positiearrelation between
number of ovuls and § K*, SQ?, EC and negative correlation betweérafd pH. These findings coincide with our
results as mean viable seed number positevelylatecewith population size. Same relations occuh Wi, CaCQ and
K* in reproductive success. P is negatively, CaD@ K are positevly correlated with mean viable seed bamn
Similarly, mean viable seed number decreases wittease in CaC{aontent and increase with organic matter.

The action of pollinators in seed formation alseéhéo be considered in this evaluation but thigestbalso
needs further investigations.

We propose that the life histories of endemic takauld be carried out where protection is necessary
particular in the taxa which have difficulties ieproduction and distribution in habitats. More gtgdare needed to
produce acceptable models for other plants livimeggdame habitat. Studies done in these habitatsraad will have
important contribution for the protection of taxawell as biodiversity.

We believe that the belt beyond tree line of higbuntains with many endemic taxa should to be iredud
among the important protected areas.
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