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Abstract: The Verbascum L. Group A with 4 stamens (30 taxa) were grouped which encompass
ecological range, climatic specificity (temperature and precipitation), altitude and phenology (flowering
and seed bearing periods) in Irano-Turanian, East Mediterranian and Euro-Siberian phytogeographical
regions in Turkey. For this purpose Single Linkage (Nearest Neighbour) Hierarchical Cluster method was
used. The results of cluster analyses suggested that the plant species which were collected from Irano-
Turanian, East Mediterranean and Euro-Siberian regions might be divided into three groups with respect
to 5 characteristics based on cophenetic correlation, Delta coefficient, the pooled standard deviation of all
the variables forming the cluster (RMSSTD) and determination coefficient (R?). Pearson correlations
were also computed in order to investigate linear relations between the phenological characteristics of
regions. It was observed that there was a negative relation between temperature and flowering time (r=-
0.678; p=0.008), temperature and seed bearing time (r=-0.657; p=0.011) in lIrano-Turanian region.
However, the correlation between temperature and flowering time (r=-0.096; p=0.767) and temperature
and seeding time (r=0.176; p=0.584) was not statistically significant for the East-Mediterranean region.
Keywords: distribution, ecology, phenology, temperature, Verbascum

Introduction

Plant phenology is relevant to plant growth and reproduction. Phenological changes
differ from species to species (Crick et al., 1997; Schwartz et al., 2000). Climate sets the
limits for biota and all phenological changes in plants highly correlated with
temperature changes (Jenny, 1941; Pefiuelas et al., 2001). During the past several
decades especially from the late 1970’s, records of phenological changes for both plants
and animals are being used for quantifying the response of biota to recent climate
change (David et al., 2005; Schwartz, 1999; Abu-Asab et al., 2001; Pefuelas et al.,
2001; Walter, 2002; Parmesan, 2003). Climate policy includes agriculture and food
production, land use, energetics, industry and transport, environmental and nature
conservation and public health, but it also has sociological, educational, communication
aspects (Eppich et al., 2009). The most sensitive indicators of the effects of the climatic
changes are phenological processes of the biota (Ferenczy et al., 2010). Phenological
recording is a potential source for monitoring of climate change (Sparks et al., 2000).

The interaction between genetic and environmental factors such as rainfall and
temperature determine the flowering period of plants (Cenci and Ceschina, 2000),
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which leads to seed bearing. Climate warming is expected to alter seasonal biological
phenomena such as plant growth and flowering which depend on temperature, that is,
the total heat required for an organism to develop from one point to another in its life
cycle (Pefiuelas et al., 2001). One of the determinants of the temperature is the altitude
so it also plays an important role on the changes of phenology. Alba and Hufbauer
(2012) found out that introduced V. thapsus populations often perform better than their
native conspecifics for biogeographic data describing performance.

Turkey has an extremely rich flora due to its geographical position, ecological and
climatic diversity. Turkey is located at the connection of 3 phytogeographical regions;
Irano-Turanian, East Mediterranean and Euro-Siberian (Figure 1). It was estimated that
there were 9000 plant taxa naturally distributed in Turkey and 30% of them are endemic
(Taskin, 2000; Ekim et al., 2001).
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Figure 1. The phytogeographical regions in Turkey

Scrophulariaceae family comprises 280 genera and 3000 species in the world and 30
genera and 466 species in Turkey. Genus Verbascum is represented by 360 taxa in the
world and by 234 taxa in Turkey (Vural and Aydogdu, 1993; Karaveliogullari et al.,
2004). Endemism of the genus in Turkey is very high with 196 endemic species (80%)
(Cecen et al., 2015; Karaveliogullar1, 2012, 2014a, 2014b). Verbascum group A, which
has been revised, could be easily distinguished from the other Verbascum groups with
having 4 stamens. In Turkey, its neighboring countries and Europe, there are 45
Verbascum species with 4 stamens. General distribution of the Verbascum species with
4 stamens is given in Table 1 and Figure 2. (Huber-Morath, 1973, 1974, 1978, 1981,
Meikle, 1985). The genus Verbascum includes species that grow in different habitats,
such as sandy places, rocks, open and semi-open natural habitats (Catara et al., 2016).
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Figure 2. Distribution of Verbascum Group A taxa in Turkey and neighboring countries.

Table 1. Comparison of number of species belonging to genus Verbascum, group A and the
number of endemic species from Turkey and neighboring countries.

Countries / . .
Regions Turkey Europe Russia Iran Palestine Cyprus
Total taxa 234 99 51 49 20 6
Taxawith 4 25 17 5 18 5 2
stamen
Endemic taxa 17 - - 10 - -

As seen in Table 1, when we compare with other countries and Europe, Turkey is
rich for taxa of Verbascum genus and species with 4 stamens. Turkey is a rich center
and most appropriate for solving taxonomic problems related to this genus.

Although the taxa found in group A are distributed in all regions of Turkey, they are
localized especially in the Mediterranean and East Anatolia regions. Genus Verbascum
Group A is represented by 30 taxa in the Flora of Turkey, 11 members of them are
Irano-Turanian, 12 are Mediterranean and 4 of them are Euro-Siberian element
(Karaveliogullar1 and Aytac, 2008).

The species of Verbascum genus group A belongs to Irano-Turanian, East
Mediterranean and Euro-Siberian phytogeographical regions according to their
distribution dominance respectively. Especially, although there are some transitions
between Irano-Turanian and East Mediterranean regions, in this study, the
phytogeographical regions in which the species density is high because of its origin
were taken into account (Table 2, Figure 3, 4, 5, 6).
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Table 2. The list of Verbascum taxa; including origin, life form and habitat characteristics of collection sites.

Species Origin Region Habitat Characteristics

V. natolicum Turkey, Russia Irano-Turanian | Steppe and Stony slopes

V. spodiotrichum Turkey E.Mediterranean | Forest and Limestone rocky

V. orientale Balkans,Crimean,Syria,Lebanon Palestina,lraq E. Mediterranean | Steppe and Stony place

V. orientale Turkey E.Mediterranean | Steppe and Pebble slopes

V. cilicicum Turkey Irano-Turanian | Steppe and Volcanic rocky

V. flabellifolium Turkey E.Mediterranean | Steppe and Serpentine rocks

V. trapifolium Turkey E.Mediterranean | Steppe and Serpentine rocks

V. pyroliforme Turkey Irano-Turanian | Steppe and Salty marshes

V. dudleyanum Turkey Irano-Turanian | Steppe and Wet places

V. coronopifolium Turkey Irano-Turanian | Forest and Rocky mountain slopes
V. serratifolium Turkey Irano-Turanian | Steppe and Serpentine rocks

V. basivelatum Turkey Irano-Turanian | Steppe and Serpantine rocks

V. bourgeauanum Turkey E.Mediterranean | Steppe and Alpine slopes

V. serpenticola Turkey E.Mediterranean | Steppe and Serpentine rocks,

V. sorgerae Turkey E.Mediterranean | Juniperus and Cedrus and Juniperus
V. nudicaule Turkey, Iran Irano-Turanian | Steppe and Serpentine rocks
V.suworowianum var. suworowianum Turkey, Iran Irano-Turanian | Steppe and Pebble place

V. suworowianum var. papilloseum Turkey, Iran Irano-Turanian | Steppe and Volcanic tuff

V. luciliae Turkey E.Mediterranean | Steppe and Volcanic slopes

V. rupicola Turkey E.Mediterranean | Forest and Rocks
V.agrimoniifolium subsp. Turkey, Irag, Iran, Afghanistan Irano-Turanian | Steppe and Riversides wet places
V. levanticum Turkey.Cvyprus, Lebanon, E.Mediterranean | Maguis and Limestone rocky place
V. buqulifolium Turkey, Bulgaria Euro-Siberian Forest and Longoz forest

V. ponticum Turkey Euro-Siberian Steppe and Meadows

V. bornmuellerianum Turkey, Irag Irano-Turanian | Steppe and Limestone slope

V. oreophyllum var. oreophyllum Turkey, Russia Irano-Turanian | Steppe and Meadow,

V. oreophyllum var. joannis Turkey, Iran, Iraq, Lebanon Irano-Turanian | Steppe and Meadow,

V. gaillardotii Turkey, Svria, Lebanon, Filistin E.Mediterranean | Maguis and Limenstone slopes

V. freynii Turkey Euro-Siberian Steppe and Waste places

V. transcaucasicum

Turkey, Russia

Euro-Siberian

Steppe and Rocky damp places
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Figure 3. Distribution of Verbascum taxa in Turkey (Hl)V. agrimoniifolium subsp.
agrimoniifolium, () V. bugulifolium, (@) V. ponticum (*) V. levanticum, (CJ)V.
Suworowianum var. suworowianum, (*) V. suworowianum var. papillosum, (A) V.

luciliae, (O)V. rupicola, (Il
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Figure 4. Distribution of Verbascum in Turkey (V. coronopifolium, (A) V. dudleyanum,

(.) V. pyroliforme (*) V. serratifolium, ()V. trapifolium, (A)V. flabellifolium, (O)V.
oreophilum var. oreophilum
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Figure 5. Distribution of Verbascum " Turkey (m)V. anatolicum, (A) V. spodiotrichum (e), V.
cilicium, ) V. bornmuellerianum, (A\) V. gaillardotii, (O) V. freynii, (*) V.

transcaucasicum, (*) V. basivelatum, (@) V. sorgerae, (ll#) V. bourgeauanum, () V.
nudicaule
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Figure 6. Distribution of Verbascum taxa in Turkey (Hl)V. orientale, (A) V.
brachysepalum, (C_]) V. oreophilum var. joannis

Materials and Methods

All the taxa of Verbascum Group A were collected at their flowering and seed
bearing periods from May to September between 2001 and 2003. ldentification of
these specimens were done according to Flora of Turkey (Davis, 1988) and also the
type specimens of these specimens or their photos in different herbaria; AEF, ANK,
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EGE, GAZI, HUB, ISTF, KNYA, VANF G, GB, P, K, B, were investigated. In
addition to Rabinowitz’s rarity criteria the threaten categories were examined and
re-evaluated according to IUCN and field observations (IUCN 2001; Ekim et al.,
2001). The Verbascum Group A (with 4 stamens) were grouped which encompass
ecological range, climatic specificity, altitude and vegetative period (flowering and
seed bearing).

The Single Linkage (Nearest Neighbour) Hierarchical Clustering was used to
group the taxa from Irano-Turanian, East Mediterranean and Euro-Siberian
phytogeographical regions according to their ecological, climatological and
phenological characteristics. All the measurements and data were standardized to
avoid influences of different measurement units. R® (determination coefficient),
RMSSTD (the pooled standard deviation of all the variables forming the cluster),
Cophenetic Correlation coefficient (this is the Pearson correlation between the actual
distances and the predicted distances based on this particular hierarchical
configuration) were used as goodness of fit criteria for clustering. A value of 0.75 or
above needs to be achieved in order to consider clustering statistically meaningful
and Delta (values close to zero are desirable) were used (Sharma, 1996; Anonymous,
2005). In analyzing the data set NCSS for windows, SAS and Minitab for windows
(version 13.0) statistical package programs were used.

Results and Discussion

Verbascum Group A which comprises the taxa that have 4 stamens are spreading
all over Turkey. Competition and environmental conditions determine the limits of
the distribution of these taxa. The descriptive statistics of altitude, climatic
parameters (temperature and precipitation) and phonological characteristics
(flowering and seed bearing periods) in phytogeographical regions can be seen in
Table 3.

Table 3. Descriptive Statistics with Phytogeographical Area

Phytogeographical Area
Irano-Turanian East Mediterranian Euro-Siberian
Variables X +Sy X +Sy X+Sy
Altitude (m.) 1415.8 +85.8 756 £102 633 £313
Temperature ( C) 9.35 +0.35 15.4 +0.85 11.2+1.43
Rain (mm) 429.4 £21.1 719.5 £68.5 555.6 £33.6
Flowering (month) 6.4 +0.11 5.5+0.16 5.6 £0.33
Seed bearing (month) 7.4 +0.14 6.6 £0.16 6.2 £0.36

The results of clustering for Irano-Turanian phytogeographical region were given
in Figure 7. According to the cluster analysis V. serratifolium (Hub.-Mor.) Hub.-
Mor. and V. dudleyanum (Hub.-Mor.) Hub.-Mor. are joined by the horizontal line
that intersected the distance axis at the value of approximately 0,45. This situation
indicates that these two species are closely related with each other than the others.
This is also true for V. basivelatum Hub.-Mor. and V. suworowianum var.
suworovianum (C.Koch) O.Kuntze; V. suworowianum var. papilloseum (C.Koch)
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O.Kuntze and V. orephilum C. Koch var. joannis (Bordz.) Hub.-Mor. There is an
obvious outlier; V. agrimoniifolium (C. Koch) Hub.-Mor. In Irano-Turanian
phytogeographical region there are three obvious clusters; the first one is V.
serratifolium, V. dudleyanum, V. anatolicum Somrn. & Lev., V. pyroliforme (Boiss.
& Heldr.) O.Kuntze, V. cilicicum Boiss., V. bornmuellerianum Hub.-Mor., V.
coronopifolium (Boiss. &Bal.) O. Kuntze; the second one is V. basivelatum, V.
suworowianum var. suworowianum and V. nudicaule (Wydler) Takht., and the last
cluster is V. suworowianum var. papilloseum, V. oreophilum var. oreophilum, V.
oreophilum var. joannis and V. agrimoniifolium (Table 4 and Figure 7). The most
similar species are V. serratifolium and V. dudleyanum pair and V. anatolicum. The
species most different from the others is V. agrimoniifolium subsp. agrimoniifolium,
because it merges with others at a relatively high dissimilarity of 0,92. Generally, in
the separation of plant taxa from this phytogeographical region in 3 groups, the
cophenetic correlation was measured as 0,79, Delta (0,5) as 0,56 and R? as 0,80 from
the measurements of the success of grouping or the goodness of fit. Hence it can be
suggested that grouping of these 14 taxa with respect to these 5 characteristics is
appropriate.

The species of third cluster which are V. suworowianum var. papilloseum, V.
oreophilum var. oreophilum, V. oreophilum var. joannis and V. agrimoniifolium are
more similar to each other than the species belong to first and second clusters
(RMSSTD=0,358) (Table 4).
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Figure 7. Clusters dendrogram for Irano-Turanian Region
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Table 4. The Summary of Clustering

Irano-Turanian Phytogeographical Region
* Overall - Cophenetic
Cluster Frequency | RMSSTD Rk F Statistics Correlation
1 7 0.589
2 3 0.426
3 3 0.358 0.80 9.12 0.78
1 -
East-Mediterranean Phytogeographical Region
1 3 0.629
2 7 0.511 0.79 6.42 0.82
3 2 0.677

*RMSSTD is the pooled standard deviation of all the variables forming the cluster.
The smaller the value, the more homogenous the observations are with respect to the
variables and vice versa. *R? measures extent to which groups or clusters are different
from each other. Alternatively, one can say it also measures extent to which the groups
are homogenous.

The cluster analysis results for East Mediterranean phytogeographical region was
given in Figure 8. V. spodiotrichum (Hub.-Mor.) Hub.-Mor. and V. rupicola (Hayek &
Siehe) Hub.-Mor. were joined by the horizontal line that intersected the distance axis at
a value of approximately 0,72, which indicates that these are the most similar species in
this phytogeographical region. The pairs V. orientale (L.) All. and V. brachysepalum
(Fisch. &Trautv.) O. Kuntze, V. trapifolium (Stapf) Hub.-Mor. and V. serpanticola
(Stapf) Hub.-Mor., and V. bourgeauanum Hub.-Mor. and V. gaillardotii Boiss. are more
similar to each other than the others. V. bourgeauanum and V. gaillardotii is the pair
that is most dissimilar to the others and the outliers with the dissimilarity value of 1,28.
There are 3 obvious clusters; first one is V. bourgeauanum, V. gaillardotii, the second
one is V. orientale, V. brachysepalum, V. flabellifolium (Hub.-Mor.) Hub.-Mor., V.
trapifolium V. serpenticola, V. sorgerae (Hub.-Mor.) Hub.-Mor., V. luciliae (Boiss.) O.
Kuntze and the third one is V. spodiotrichum, V. rupicola and V. levanticum I. K.
Ferguson (Table 4, Figure 8). Generally, in separation of plant specimens collected
from this region in three groups, the cophenetic correlation was found as 0,82 and Delta
(0,5) as 0,33, and R? as 0,79 from the measurements of the success of grouping or the
goodness of fit. A high value for R? indicates that the clusters are well separated and
consequently the clusters are quite homogenous.

There are 4 species from Euro-Siberian phytogeographical region. According to the
cluster analysis the most similar species are V. freynii (Sint.) Murb. and V. ponticum
(Boiss.) O.Kuntze, the dissimilarity value of these two species was found as 0,75. There
were 3 clusters found for Euro-Siberian phytogeographical region. V. transcaucasium
Wulf is the most different from the others (Figure 9).

The summary of the statistics for evaluation of cluster solution was given in Table 4.
From Table 4 it appears that there are three clusters in the data set. Furthermore, the
three clusters are well separated suggested by R?, and the clusters are homogenous as
evidenced by the low value of RMSSTD.
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Figure 8. The Cluster dendrograme for East Mediterranean Region
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The correlations between mean annual temperatures, altitude, mean annual
precipitation of localities from where the plant species were collected and the flowering
and seed bearing periods can be seen from Table 5. For Irano-Turanian
phytogeographical region there is a negative linear correlation between temperature and
both flowering (r=-0,678, P=0,08) and seed bearing (r=-0,657, P=0,011) periods. There
is also negative linear correlation between precipitation and both flowering (r=-0,465,
P=0,094) and seed bearing (r=-0,534, P=0,055). On the other hand there is a positive
linear correlation between altitude and both flowering (r=0,413, P=0,142) and seed
bearing (r=0,460, P=0,098) periods. These results confirmed that if the temperature
increases the flowering and seed bearing periods become earlier.

When the correlation between, mean annual temperature, altitude, mean annual
precipitation of the localities from where these 12 plants were collected at East-
Mediterranean region, and the flowering and fruiting periods of these plant species were
investigated, it was found that; temperature has a poor negative correlation with
flowering time (r=-0,096, R=0,767) and positive correlation with seedling time
(r=0,176, P=0,584). There was a positive correlation between precipitation and
flowering (r=0,077, P=0,813) and seedling time (r=0,47, P=0,123). On the other hand,
although there was a poor negative linear correlation between altitude and seedling time
(r=-0,180, P=0,577), there was a poor positive correlation between altitude and
flowering time (r=0,147, P=0,649) (Table 5).

Table 5. Pearson Correlations between the variables and Phytogeographical Regions

PhytogReeoggicr)?]phlcal Variable | Temperature | Precipitation | Altitude | Flowering
Rain (mm) 0.643
Altitude (m) -0.667 -0.710
Irano-Turanian Flowering -0.678 -0.465 0.413
(month)
Seedbearing | 4 657 0.524 0460 | 0.926
(month)
Rain (mm) 0.806
Altitude (m) -0.652 -0.579
E. Mediterranean Flowering -0.096 0.077 0.147
(month)
Seedbearing | 174 0.470 0180 | 0693
(month)

Baltzoi et al. (2015) reported that V. olympicum is one of the drought tolerant
suggested species which is recommended for Mediterranean gardens. Group A species
have also been used as ornamental plants for ecologically suitable areas. Gabriele et al.
(2014) determined the potential effects of climate change on 22 plant species whose
range is restricted to central-northern Mediterranean region and one of these species was
V. conocarpum which lives between 0-1800 m altitudes and geographically restricted in
several habitats. Gabriele et al. (2014) also emphasize the need of monitoring and
conservation actions immediately and suggest that rare species might be useful for
monitoring the effects of global warming in the Mediterranean region. Verbascum
(Group A) species, mentioned in this study, have importance to monitoring the climatic
issues for Mediterranean, Euro-Siberian and Irano-Turanian regions. Motamedi and
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Souri (2016) V. stachydiforme is under intense grazing threat and its communities have
confidential degree of resilience that can self-restored to its original state. In Turkey,
grazing is a big problem of Irano-Turanian region especially, but self-restoring
capability of Verbascum species shows the importance of weeds in terms of vegetation
durability. Nagase et al. (2013) found out that V. phoeniceum and other 53 species were
used to build a green roof and just 9 species were grown, V. phoeniceum was not one of
them. Suchkova et al. (2014) reported that V. undulatum could be classified as heavy
metals hyper accumulator and Wojcik et al., (2014) determined that V. phlomoides
potentially suitable for biomonitoring and phytoremediation. It seems Verbascum
species was appropriate for monitoring climatic change in natural habitats, not in urban
habitats, although some of them have surviving capacity for polluted areas. Petanidou et
al. (2014) determined that annual plant species were much more affected than
perennials from phenological shifts. This may clarify the ability of perennial Verbascum
species against climatic changes.
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