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Abstract

Campanula tomentosa, an endemic species, is distributed only in the Western Anatolia Region of Tiirkiye.
Research on the reproduction and conservation biology (pollination biology and reproductive success) of the plant was
carried out for the first time. Pollen and stigma viability (floral biology), pollination biology, flower visitation,
pollinator identification and reproductive success were investigated. The results of the pollen viability test in which 1%
TTC (1,2,3-triphenyl tetrazolium chloride) was used indicated that 100% of the pollen grains were viable at the loading
stage. In Peroxidase Test Papers and DAB stigma viability tests, the stigmas were completely curled and they were
viable during the pollen presentation phase. The main pollination in the plant was realized by Xylocopa valga
(Gerstacker, 1872) and Evylaeus setulellus (Strand, 1909). In C. tomentosa, fruit set and seed setting rates were 93.42%
and 73.12%, respectively. On the other hand, it was revealed that the total area where it was distributed was 28.7 km?
and that it was classified as endangered.
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%

Bati1 Anadolu’da yayilis gosteren Campanula tomentosa Lam'in ¢icek biyolojisi, tozlasmasi ve iireme basarisi

Ozet

Endemik bir tiir olan Campanula tomentosa, Tirkiye'nin sadece Bati Anadolu Bolgesi'nde yayilis
gostermektedir. Bitkinin iireme ve korunma biyolojisi (tozlagsma biyolojisi ve ireme basarisi) iizerine aragtirmalar ilk
kez tarafimizdan gerceklestirilmistir. Bu kapsamda polen ve stigma canlilig1 (¢igek biyolojisi), tozlasma biyolojisi,
cicek ziyareti, tozlayicilarin tanimlanmasi ve tireme basarisi arastirilmigtir. %1 TTChmin (1,2,3-trifenil tetrazolyum
kloriir) kullanildig1 polen canlilik testi sonuglari, yiikkleme asamasinda polen tanelerinin %100'{inin canli oldugunu
gostermistir. Peroksidaz Test Kagitlarinda ve DAB stigma canlilik testlerinde stigmalar tamamen kivrilmis ve polen
sunum agamasinda canli kalmistir. Bitkide esas tozlasma Xylocopa valga (Gerstacker, 1872) ve Evylaeus setulellus
(Strand, 1909) tarafindan gergeklestirilmistir. C. tomentosa'da meyve tutumu ve tohum tutumu oranlari sirastyla %93,42
ve %73,12'dir. Ayrica, yayilis gosterdigi toplam alanm 28,7 km? ve neslinin tikkenme kategorisi sinifinda oldugu tespit
edilmigtir.

Anahtar kelimeler: Campanula tomentosa, lireme basarisi, polen canliligi, Tiirkiye
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1. Introduction

According to the results of the global screening conducted by the International Union for Conservation of
Nature (IUCN) in 2020, of the 240,000 known plant species to date, about 15% are endangered. Of these endangered
species, more than 90% are endemic. These plant species in the world are pollinated by approximately 300,000 animal
species [1]. On the other hand, it is estimated that 25,000 to 30,000 plant species are pollinated only by bee species.
Environmental variables such as elevation, ambient temperature, wind speed, relative humidity and light intensity, and
demographic characteristics such as population size of a plant species are closely related to the behavior and number of
pollinators [2].

The genus Campanula L. is represented by approximately 420 species in subtropical and temperate regions and
approximately 150 species in the Mediterranean Region [3]. In many countries, studies have been carried out on the
genetic diversity and polymorphism, pollination and reproductive system, population biology and conservation biology
of the Campanula taxa. For instance, it was investigated the genetic diversity of populations of Campanula taxa [4].
Conservation genetics were studied in the Campanula rotundifolia L. population [5]. In another study, it was carried out
studies aimed at identifying the flowering phenology of Campanula bononiensis L., and determining flowering
abundance, population density and pollinators observed on the same species [6].

In Tiirkiye, the family Campanulaceae is represented with the following 6 genera: Campanula, Symphayndra,
Asyneuma, Michauxia, Legousia and Jasione. Of these genera, Campanula has 6 sub-genera: Campanula, Megalocalyx,
Sicyodon, Roucela, Brachycodonia and Rapunculus [7]. In these sub-genera, there are 139 taxa belonging to 127
species and the endemism rate is approximately 52% [8]. Of these sub-genera, the Quinqueloculares section, one of the
13 sections of Campanula subgenus which has the highest number of species, is represented by 9 species and 6 of these
species are endemic to Anatolia. Our review of the studies conducted on this species in Tiirkiye demonstrated that
investigated the anatomy of some Campanula taxa, investigated the morphology of seeds of Campanula species (sect of
Quinqueloculares), and some soil parameters were revealed [9]. In other studies, endemic Campanula tomentosa Lam.
and C. vardariana Bocquet species, seed germination studies were carried out [10], and conservation biology of the
species Campanula teucrioides Boiss (Campanulaceae) was investigated [11]. Tiirkiye is rich in endemic species, and
the ratio of the endemism to the total flora is about 34.4%. In recent years, in Tiirkiye, emphasis has been placed not
only on autoecologic studies on the protection of endangered plants but also on studies aiming to reveal life-cycles of
these plants [12].

In the present study, reproduction and conservation biology of endemic C. tomentosa which has a limited
distribution in the Western Anatolia region of Tiirkiye was studied for the first time. Within this context, pollen and
stigma viability (floral biology), pollination biology, flower visitation and pollinator identification and reproductive
success were investigated. In addition, the number of individuals in the plant population and the areas they are
distributed in were calculated, and its place in the IJUCN Red List Categories was updated [13].

1.1. Study Sites and Species Description

The study was conducted on 5 populations of C. tomentosa distributed in Meryem Ana (Izmir); National Park-
South of Doganbey, National Park- North of Doganbey, Camlik-Ortaklar, and Akgakonak-Priene (Aydin) located in the
Aegean region of Tiirkiye between May 2012 and September 2014 (37°55 '- 37°39'N and 27°27 '- 27°09' E ) (Figurel).
The average annual temperature in the region is 16.7°C, and the annual average rainfall is 659.4 mm. The geologic
structure of the region is reported to have marble, schist and calcschist character.

C. tomentosa has a woody base and branched stem is 30-70 cm in height, and is covered with flat, dense and
long tomentose hair. Stem leaves are oval-, oval-triangular- or lyrat-shaped, sessile or petiolate, 1.5-7.5 x 0.7-2.7 cm,
with crenate-serrate edges. The flowers are violet-blue. The corolla is 26-53 x 18-45 mm in size, has a bell-like or wide
funnel shape, and its outer part is hairy. Corolla tube is 18-42 x 12-37 mm in size, stigma and ovary each has 5 loculi,
and fruits have a porocidal capsule. While the pistil is 13-37 x 2.5-3.5 mm in size, the stamen is 8-18 x 0.9-1.1 mm. The
capsule has dense tomentose hairs, and the seeds are 0.4-0.5 x 0.25-0.35 mm in size, oval-shaped, and mostly light
brown. Flowering season is from May to June. It grows on walls and bottom of rocks and calcareous rocks at elevations
ranging between 1 and 100 m. It is endemic to Eastern Mediterranean region.

2. Materials and methods
2.1. Floral Biology

To determine its floral morphology, 30 flowers and flower buds were brought to the laboratory in FAA (acetic
acid 5%, formaldehyde 5% and ethanol 90%). In the laboratory, the diameter and length of the corolla tube, height and
width of the calix, flower size and pistil lengths in mature flowers were measured using a digital caliper and a digital
microscope (Dino-Lite AM313). On the other hand, in 15 individuals, stigma lobes, anther and style lengths, stigma
diameters, stigma-anther distance in mature flowers (with pollen presentation) and flower buds (without pollen
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presentation) were calculated. Voucher specimens of C. tomentosa were deposited in the EGE Herbarium at the
Department of Botany, Ege Universty (EGE — 41688, EGE — 41689; EGE —41690; EGE — 41691).

Nectar volumes were measured between 09:00 and 10:00 a.m., 12:00 and 1:00 p.m. and 4:00 and 5:00 p.m.
using 0-5u micropipettes in 30 flowers from the randomly selected individuals in the distribution areas of the species.
Sugar concentration in these samples was determined using a hand refractometer, 0-50% Brix (Bellingham and Stanley
model 45-81, Tumbrige Wells, UK). The total sugar content was calculated using the exponential regression formula
[14].

Pollen viability was tested at the pollen presentation and pollen loading stages. To carry out the test, 1% TTC
(1,2,3-triphenyl tetrazolium chloride) was applied on 20 flowers and flower buds. After this application, to examine the
slides, a light microscope (Leica: 10x18 ocular; 4x/0.10 objective) was used. The numbers of viable (%) and nonviable
(%) pollen grains were counted from ten randomly chosen fields of view at 10x. After the pollen preparations were first
stained and then incubated at 30°C, they were examined under the light microscope at 160-400x magnification. To
calculate the viability percentages of pollen taken from anthers of flower buds and flowers, 100 pollen grains were used.
The procedure was repeated 5 times.

To determine stigma viability, Peroxidase Test Papers (Perex Tesmo KO, Macherey-Nagel) and the DAB test
(Sigma FastTM 3.30-diaminobenzidine tablets; Sigma D-4168) were used [15]. These applications were tested for
different floral phases.

2.2. Flower Visitation and Pollinator ldentification

These observations were performed in randomly selected 15 individuals for 3 days between 09:00 a.m. and
10:00 a.m., between 12:00 p.m. and 1:00 p.m. and between 4:00 p.m. and 5:00 p.m. when the weather conditions were
appropriate (sunny and slightly windy). Pollinators observed were caught and brought to the laboratory in alcohol
(70%). ldentification of the pollinators was performed at Hacettepe University Faculty of Science, Department of
Biology, Department of Zoology. In addition, the collections belonging to these pollinators were recorded with
ZDEU?24 | 2013-ZDEU46 / 2013 inventory numbers in the museum, part of the Department of Zoology, Department of
Biology, Ege University Faculty of Science.

2.3. Reproductive success

To demonstrate the reproduction success of the species, such parameters as (1) Fruit Set Rate (FSR), (2) Seed
Setting Rate (SSR) were used.

2.4. The Effect of Cross Pollination on Seed Production

To determine the rates of fruit set, 100 flowers (two flowers per individual) were randomly selected from the
C. tomentosa populations and labeled, and then the average number of flowers per plant (h = 50) and the average
number of fruits per plant (n = 50) were calculated.

The Fruit Set Rate was calculated using the following equation:

Fruit Set Rate (%) = the average number of fruits per plant x 100 + the average number of flowers per plant

To determine the Seed Setting Rate, firstly, the average number of seeds per fruit and the average number of
ovules per flower were calculated. While calculating the average number of seeds per fruit, the number of the seeds
from 100 mature fruits of 50 individuals (two fruits per individual) was determined. When the average number of
ovules per flower was calculated, the ovaria of 200 flowers (not in the seed-bearing stage) taken from 20 individuals (10
ovaria per individual) were opened, and then the number of ovules was counted using a light microscope.

Seed Setting Rate (%) was calculated using the following equation:

Seed Setting Rate (%) = the average number of seeds per fruit x 100 + the average number of ovules per flower
2.5. The Effect Self - Pollination on Seed Production

In order to determine the pollination type of the species, 100 flowers from 50 individuals were taken using
pollination bags to repel possible pollinators. After about 1 month, flowers that were packed were brought to the
laboratory, and fruit and seed development was observed.

2.6. Determination of the Number of Individuals and the Size of the Distribution Areas

The average number of individuals in 5 populations of C. tomentosa was calculated as 50 by taking sample
areas of 10m x 10m (100 m?) between May 2013 and July 2013. The Average Number of Individuals calculated was
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adapted to all populations and the number of potential individuals in the distribution area was calculated. All of the
aforementioned research was carried out in population in the National Park- South of Doganbey. When calculating the
size of the distribution area for each population, first the spatial data were recorded using the GIS (Geographic
Information System), including the boundary distribution areas in the areas where the plant was distributed. Then the
recorded spatial data were transferred to the "Google Earth Pro" program, and km. extension polygons were created.
Finally, numerical maps were created by transferring the generated polygons to "ArcMap ver.10.0" program and field
sizes were calculated. Thus, the total distribution area of the plant and the number of potential individuals were
calculated. In the light of these data, C. tomentosa's place in the IUCN Red List Categories (2001) Ver. 3.1 was
updated.

3. Results
3.1. Floral Biology

The measurements made on 30 flowers belonging to C. tomentosa demonstrated the following average values:
corolla diameter: 34.52 mm, corolla length: 34.76 mm, calyx length: 20.47 mm, calyx width: 8.20 mm, and pistil
length: 33.67 mm (Table 1). As a result of our floral morphology study, the phase at which the "Secondary Pollen
Presentation™ took place was determined. Our observations demonstrated that pollen loading (adhesion of pollens to
styles by anthers) occurred when the stigma lobes were closed prior to anthesis, that stigma lobes gradually curled
backward after anthesis (secondary pollen presentation), and that stigmas were completely curled in the fully opened
flowers. At the end of the pollen presentation, mean floral measurements of C. tomentosa flowers showed that the
stigma lobe length was 5.45 mm, stigma diameter was 5.61 mm, stigma-anther distance was 3.35 mm, anther length
was 13.49 mm, and style length was 24.78 mm.

Table 1. Floral morphological measurements of C. tomentosa

C. tomentosa
Floral features ]
Min-Mak (mm) Average (mm)
Corolla diameter 23,40-43,34 34,524+5.93
Corolla length 29,25-39,57 34,76+2.81
Length 15,60-28,22 20,47+3,09
Calix

Width 5,00-10,78 8,20+1,31

Pistil 29,01-39,64 33,67+2,38

Stigma diameter 2,78-8,6 5,61+1,56

In C. tomentosa, the average values of these floral measurements in the flowers at the pollen loading phase
were 4.12 mm; 2.85 mm, 2.36 mm; 12.66 mm and 16.52 mm, respectively (Table 2). During the day, average sugar
values and sugar weight per volume for the flowers of C. tomentosa were measured. The highest value of sugar was
measured in the evening (Table 3).
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Table 2. Morphological measurements of pistil and stamen in flowers at the pollen loading and presentation stages of C.

tomentosa
The number Stigma Stigma-
of the Stigma lobe >lg anther Anther length Style length
Stage Lo diameter .
individuals length (mm) distance (mm) (mm)
(mm)
(n) (mm)
Pollen loading 15 4,12+0,69 2,8540,90 2,36+2,14 12,66+0,77 16,52+1,65
Pollen
- 15 5,45+1,24 5,61+1,56 3,35+1,33 13,49+1,03 24,78+3,33
presentation
Table 3. Nectar values in C. tomentosa flowers measured during the day
. The Number of Flowers | Sugar Concentration Nectar in micro Net Sucrose
Times Used (%) pipette (cm) Volume (mg /uL)
V (ul)
09:00 a.m 30 Ort.+£SH 34,93+10,67 0,76+0,65 1,26£1,08 | 0,40+0,14
10:00 a.m min-mak 19,00-52,00 0,15-2,3 0,25-3,83 | 0,20-0,64
12:00pm 100 | Lo Ort.+SH 41,76+13,89 0,74+0,51 1,2440,85 | 0,50+0,18
p.m min-mak 10,00-60,00 0,20-2,5 0,33-4,16 | 0,10-0,77
4:00 p.m 5:00 30 Ort.+SH 45,24+7,18 0,99+0,65 1,64+1,08 | 0,54+0,10
p.m min-mak 32,00-54,00 0,30-2,8 0,50-4,66 | 0,36-0,67

For pollen viability, 1%TTC (1,2,3-triphenyl tetrazolium chloride) test applied to 20 C. tomentosa flowers. Of
the 538 pollen grains counted during the pollen presentation phase (the stage when the pollen is in the style, 382 were
stained, and pollen viability was calculated as 71% on average. On the other hand, during the pollen loading stage (the
stage when the pollen is not in the style), pollen grains in the anthers belonging to 20 flower buds from ten fields of
view at 10x (4cm?) were counted and pollen viability was determined as 100%. According to the results of peroxidase
test papers and DAB stigma viability tests on 20 flowers and flower buds at different floral phases belonging to C.
tomentosa, stigmas at the pollen loading phase and stigmas in the presentation phase but not curled were found to be
non-viable (no staining, negative). On the other hand, it was determined that the stigmas which were completely curled
in the pollen presentation phase were viable (positive staining) (Table 4).

Table 4. Pollen / stigma viability of flowers in different floral phases

Pollen loading stage
Pollen viability (%) 100

Pollen presentation stage
71,00+6,45

Stigma viability No staining, Negative Staining, Positive

Stigma lobe length (mm) 4,12+0,69 5,45+1,24

Style length (mm) 16,52+1,65 24.78+3.33

3.2. Flower Visitation and Pollinator ldentification

In our observations, C. tomentosa was visited by only 2 pollinators between 11:00 a.m. and 3:00 p.m.:
Xylocopa valga (Gerstacker, 1872) from the Apidae family and Evylaeus setulellus (Strand, 1909) from the Halictidae
family. In addition, the following passive pollinators were observed: members of the Curculionidae, Hemiptera and
Cantharidae (Table 5). While Xylocopa valga did not visit the plant between 09:00 a.m. and 10:00 a.m., between 3:00
a.m. and 4:00 p.m. and between 4:00 p.m. and 5:00 p.m., Evylaeus setulellus did not visit the plant between 09:00 a.m.
and 10:00 a.m., between 10:00 a.m. and 11:00 a.m., between 3:00 a.m. and 4:00 p.m. and between 4:00 p.m. and 5:00
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p.m. (Figurel). X. valga visited the plant most during the day between 10:00 a.m. and 11: 00 a.m. (145 times) and the
mean duration of visits was 17.5 = 4.68 seconds. E. setulellus visited the plant most during the day between 11:00 a.m.
and 12:00 p.m. (12 times) and between 1:00 p.m. and 2:00 p.m. (12 times), and the mean duration of visits was 30.58 +
8.1 seconds. The temperatures during the day varied from 19.04°C (09:00 a.m.) to 27.02°C (17:00 p.m.) (Figs. 2, 3).

Table 5. Flower visitors of Campanula tomentosa

Flower Visitors Category Resource Used”
Xylocopa valga (Gerstacker, 1872) L P/N
Evylaeus setulellus (Strand, 1909) L P/N
Curculionidae spp. 0 P
Hemiptera spp. 0 P
Cantharidae spp. 0 P

Abbreviations: L = legitimate pollinator; O = occasional pollinator, “Floral resources used by the visitors/pollinators:
P: pollen; N: nectar.
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Figure 1. The number of flower visits by Xylocopa valga (Gerstacker, 1872), and temperature and humidity values
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Figure 2. Mean duration of visits by C. tomentosa pollinators
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Figure 3. The number of flower visits by Evylaeus setulellus (Strand, 1909), and temperature and humidity values
3.3. Reproductive success

At the end of the trials on the effects of cross pollination on seed production in individuals exposed to
pollinator visits under natural conditions, the average number of flowers per C. tomentosa plant was calculated as
110.64. The fruit counts of C. tomentosa demonstrated that the average number of seeds per fruit was 726.12 and the
average number of ovules per flower was 992.94. At the end of the seed counts of these fruits, seed setting rate of the
ovules was 73.12% (Table 6).

Table 6. Comparison of reproductive success parameters of C. tomentosa

Reproductive | The average The average Fruit set The average The average Seed
success number of flowers | number of fruits | rate number of number of ovules setting
parameters per plant per pant (%) seeds per fruit | per flower rate (%)
n 50 50 50 20
Min.-Mak. 22-207 11-202 93.42 510-1152 500-1198 73,12
Ortalama 110,64+49,38 103,36:+48,11 726,12+118,02 992,94+205,23

n: the number of the samples

At the end of the trials on the effect of self-pollination on seed production, no fruit formation was observed in
the plant.It was calculated that C. tomentosa was distributed in an area of 28.70 km? and that the average number of
individuals and the number of potential individuals in 5 populations were 16.56 + 6.41 and 4,753,713 respectively. On
the other hand, it was determined that populations with the largest size and number of individuals were in Ak¢akonak-
Priene and National Park, South of Doganbey respectively (Table 7).
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Table 7. Size and number of individuals of C. tomentosa populations in different of populations

Name of the population ng%nl:g]:gagf The average number Size of the The number of
bop P of individuals population per km? potential individuals
Meryem Ana 7 16,71+6,57 3,99 667,397
National Park- South of 17 184739 6,00 1081,440
Doganbey
National Pvark- North of 6 13,7146,57 114 155 608
Doganbey
Camlik - Ortaklar 7 12,85+5,63 3,08 396,936
Akg¢akonak -Priene 13 19,57+6,85 14,49 2,833,736
Total 50 16,56+6,41 28,70 4,753,713

4. Conclusions and discussion

Our floral morphology observations revealed that the pollen presentation occurred during the opening of the
buds, that the full pollen presentation occurred in fully opened flowers, that the stigma lobes enlarged after the pollen
presentation and that the stigma lobes were closed before the pollen presentation. On the other hand, our morphological
measurements demonstrated that the length of the styles which was 16.52 mm during the pollen loading phase increased
by 8.26 mm and reached 24.78 mm during the pollen presentation phase (Table 2). It was reported that Campanula
flowers were protoandric, that pollen grains were loaded before the enlargement of the stigma lobes, and that although
not always, pollen grains were dispersed during the budding phase or opening of the buds [19]. Researchers have
reported that pollen grains are rapidly released when anthers open during the budding stage of C. bononiensis flowers
and that all the pollen grains released are presented on the styles when the corolla is opened. They have also reported
that the pollen presentation in C. bononiensis flowers is extended by about 2 days per flower due to the secondary
pollen presentation. On the other hand, it was reported that in protandric species, the prolongation of the male phase
was considered as an advantage based on phenology, and the ovules maturated rapidly during the flowering period [16].

In our studies on C. tomentosa, it was determined that the stigmas of flowers were not functional during the
pollen loading phase, and that completely curled stigmas were functional only during the pollen presentation phase.
However, the percentage of viability of the pollen grains belonging to the flowers decreased in this phase. These results
were supported by pollen and stigma viability tests (Table 4), which is undoubtedly a mechanism that prevents self-
pollination and encourages external pollination. While fruit formation does not occur in C. tomentosa buds closed
during the budding phase, the presence of proterandry suggests that pollination is totally dependent on a pollinator. It
has been reported that members of the genus Xylocopa display polylectic behaviors and that they prefer large, fancy
flowers with a lot of pollen and nectar [17]. Our observations also demonstrated that X. valga (Gerstacker, 1872) was
one of the major pollinators of C. tomentosa, but did not visit other Campanula taxa with much smaller flowers
probably due to their body size. The duration of X. valga’s visit (Gerstacker, 1872) (17.5 £ 4.68 sec) is shorter than that
of E. setulellus (Strand, 1909) (Figure 2). However, according to the floral morphology data of C. tomentosa, the
average diameter of the corolla tube is 34 mm and the diameter of the stigma in the middle of this tube is 5.6 mm, and
the body size of the X. valga (15x30 mm) is greater, which clearly indicates that their contact with the stigma is
essential at every time they visit flowers (Table 1; Figure4). In addition, the fact that the body structure of X. valga is
more hairy than that of E. setulellus (Strand, 1909) (according to comparison of museum samples) also leads to a more
effective pollination of the plant.
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Figure 4. Morphological values in C. tomentosa and X. valga;
A: Corolla diameter; B: Stigma diameter; C and D: X. valga's body size values

As reported by researchers, when the main pollinator (Bombus spp.) of Campanula punctata enters its corolla
to collect nectar, there will be an interaction between the dorsal surface of its chest and the style provided that there is a
good match between the pollinator and flower [18], and size matching between the style and pollinator is expected to
greatly affect the efficiency of pollination since the style of C. punctata has both male and female functions. In the same
study, it was also reported that the duration of the visit by Bombus would significantly affected the accumulation of
pollen on the stigma. The same researchers also reported that during their flower visits, the Bombus bees change their
position around the corolla to insert their galea, which is a relatively solid organ, into the nectar spaces. It has been
reported that the prolongation of this type of hunting behavior will contribute to the increase of pollen accumulation on
the stigma. However, it was reported that although members of Megalchilide were locally important pollinators of
Campanula, Halicutidae and Bombus bees were much more effective [19]. The same researchers also determined the
mating and sleeping patterns of diptera species and of ants in the flowers of this species. Campanula flowers have a
unique secondary pollen presentation. In this system; introrse anthers which dehisce inward before anthesis disperse
pollen grains on the pollen-gathering feathers of the style [20]. At the beginning of the anthesis, all the pollen grains
stick on the style, and the stigma lobes are yet neither opened nor functional. Another study reported that, flower
visitors are oriented toward the stigma from the base of the style because the pollen tufts lean towards the style at this
stage. Within a few days, as the stigma lobes are opened, the stigma becomes functional and accepts pollen grains. In
the species we worked on, it was found that the hair on the style leaned towards the stigma from the base of the style
[21]. When the average sugar concentration and sucrose measurements from the flowers of C. tomentosa and the
changes in temperature-humidity and visit numbers during the day are examined, (Figure3), although the nectar
concentration increased in the early evening hours, the number of visits to X. valga gradually decreased due to the
increase in temperature (decrease in the humidity) (Figure3). Bees are ectothermic like other insect taxa and must
protect their body temperature while flying. The thermal properties of their surroundings are important in their
pollination activities. The high surface-to-volume ratio of small bees ensures rapid absorption of heat at high ambient
temperatures and rapid cooling at low ambient temperatures. All the bees having a body mass greater than 35-50 mg
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can produce endothermic heating, in other words internal heat production [22]. Examples of bee pollinators having a
body weight of greater than 35 mg are Apis, Bombus, Xylocopa and Megachile. Examples of small bee pollinators are
found in the Halicidae family, including the genus Lasioglossum. Many bees, in addition to endothermy, can control
their temperatures before, during and after flying via physiological and behavioral ways. Endothermic abilities and
thermal requirements vary between different groups of bees [23]. While Xylocopa pubescens generally cannot display
nutritional activity at temperatures lower than 18°C, more thermophilic X. sulcatipes and X. capitata show nutritional
activity when the ambient temperature reaches 22-32°C [24]. Nectar sugar concentration is mainly associated with the
solar irradiance and temperature and is less associated with the bee activity. It was observed that C. tomentosa nutrition
activity started at temperatures above 19°C, but that flower visits decreased as the temperature increased and that there
were no visits after the temperatures reached 27°C (Figure3, 4). Given the reproductive parameters in the present study,
it was determined that 93.42% of C. tomentosa flowers turned into fruit and that the Seed Setting Rate (SSR) in these
fruits was 73.12%. The possible cause of this decline in seed setting rates can be said to be associated with the
pollinators’ behaviors. These results are considered to be an important parameter of the limited distribution.

Researchers report that C. tomentosa is distributed at rock formations at elevations of 100-130 meters located
across from the cement plant in Séke, a district of Aydin, Tiirkiye [25]. However, in our field studies, C. tomentosa was
not distributed anywhere in Soke, except for. Akgakonak-Priene, which suggests that there was a decrease in the
number of distribution localities of C. tomentosa. In our field studies, compared to the previous year, a decrease was
observed in the number of mature individuals of C. tomentosa in the north of the National Park, especially in the rocky
areas near the entrance of the canyon. These significant habitat losses in C. tomentosa population is thought to be
caused by the activities of Akcakonak stone crushing plant located in Soke-Akcakonak. In another study, C. tomentosa
was classified as VU according to the IUCN Red List Categories (2001) [13]. However, when all populations of the
plant were considered in the present study, approximately 4,753,713 potential individuals were identified in an area of
28.7 km?. According to this, it was observed that the area occupied by all populations was less than 500 km? (B2). It
was also determined that the habitat quality (b, iii), the number of distribution localities (b, iv) and the number of
mature individuals (b, v) decreased. C. tomentosa was classified as EN B2b (iii, iv, v) (Endangered) according to IUCN
2001v3.1 (the Red List Categories and Criteria version 3.1, 2001).
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