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Background: The invasive alien plant species exert significant economic and ecological impacts in the
introduced ranges. The occurrence reports of newly introduced species and assessing their potential
spread are important for halting their future spread.
Methods: The presence of Ipomoea tricolor Cav. (Convolvulaceae) in Turkey is confirmed through surveys
in Tokat province. The general characteristics and seed germination potential of the plant were deter-
mined, and its potential distribution areas in the country were modeled by maximum entropy model.
Global habitat suitability of the species was predicted under current climatic conditions and then down-
scaled to Turkey.
Results: The plant was first recorded on the edge of a field and in the garden of a house in Tokat province
(Kat town) of Turkey. The species was transported/introduced here for ornamental purposes. Afterward,
the species was detected at two more locations in the residential areas of Tokat province, grown as an
ornamental plant. The model predicted that there are plenty of vacant niches with moderate habitat suit-
ability for I. tricolor in Turkey. The Black Sea, Aegean, Mediterranean and some parts of central Anatolia
regions of the country are suitable for the spread of this species. Considering the rapid spread of I. pur-
purea (an ornamental plant species in the same genus) in agricultural and non-agricultural areas of the
country, it is predicted that I. tricolor could spread and cause negative impacts on agro-ecosystems.
Conclusions: The potential spread areas of the species should be mapped under future climatic conditions
to develop early detection and rapid response system in the country. Rapid surveys should be conducted
in the areas predicted as suitable to track the spread of the species and improve models’ prediction.
Nonetheless, awareness should be created through citizen science to halt the spread of this species in
the current distribution region of the country.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Human-mediated transfer/transport of exotic/alien plant spe-
cies into new ranges for getting some benefits (agriculture, biocon-
trol etc.) and ornamental purposes without considering long-term
impacts are among the main reasons for their spread (Farooq et al.,
2015; Onen and Farooq, 2015). Moreover, globalization have eased
the frequent movements of people and goods, resulting in the
transport of plant species from native to introduced ranges
(Onen et al., 2014; Seebens et al., 2015). Hence, increased number
of invasive alien species successfully spread and established into
the new geographic regions/habitats (Chapman et al., 2017; Van
Kleunen et al., 2015). Increasing global trade is further making
the spread of non-native species easier (Humair et al., 2015;
Özaslan et al., 2016; Reyjol, 2007).

The diverse topographic features, rich floristic and habitat
diversity, and different climatic zones in Turkey facilitates the
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Table 1
Bioclim variables (climatic predictors) used for calibrating the model, their full names,
and abbreviations. All variables were taken from Worldclim

Variable Full Form Abbreviation

BIO1 Annual Mean Temperature AMT
BIO2 Mean Diurnal Range (Mean of monthly (max temp

- min temp)
MDR

BIO3 Isothermality (BIO2/BIO7) � (100) ISO
BIO4 Temperature Seasonality (standard

deviation � 100)
TSE

BIO5 Max Temperature of Warmest Month MaWM
BIO6 Min Temperature of Coldest Month MiCM
BIO7 Temperature Annual Range (BIO5-BIO6) TAR
BIO8 Mean Temperature of Wettest Quarter MeWtQ
BIO9 Mean Temperature of Driest Quarter MeDQ
BIO10 Mean Temperature of Warmest Quarter MeWaQ
BIO11 Mean Temperature of Coldest Quarter MeCQ
BIO12 Annual Precipitation AP
BIO13 Precipitation of Wettest Month PWtM
BIO14 Precipitation of Driest Month PDM
BIO15 Precipitation Seasonality (Coefficient of Variation) PS
BIO16 Precipitation of Wettest Quarter PWtQ
BIO17 Precipitation of Driest Quarter PDQ
BIO19 Precipitation of Coldest Quarter PCQ
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spread and naturalization of introduced species (Arslan et al.,
2015; Onen, 2015; Özaslan et al., 2016). Different alien plant spe-
cies have already invaded Turkey and it is possible that the num-
ber, abundance, and impacts of these species will be accelerated
in the future (Farooq et al., 2015; Onen et al., 2016a; Onen and
Farooq, 2015; Onen and Ozcan, 2010; Uludag et al., 2017).

Ipomoea L. is the largest genus in the family Convolvulaceae.
The genus has �810 species mainly distributed throughout the
tropics and subtropics of the world (Wood et al., 2020). Many spe-
cies have been used as food (sweet potato, I. batatas), medicines, in
religious rituals, or for ornamental purposes (Meira et al., 2012).
However, several Ipomoea species cause significant problems in
natural habitats and agro-ecosystems as weeds/invasive plants,
both in native and non-native ranges (Hançerli et al., 2018;
Maimoni-Rodella and Yanagizawa, 2007; Onen et al., 2021).

Hançerli et al. (2018) recorded six Ipomoea species inTurkey,
including I. sagittata Poir., I. stolonifera (Cirillo) J.F. Gmel. (syn: Ipo-
moea imperati (Vahl) Griseb.), I. purpurea (L.) Roth., I. hederacea
Jacq., I. triloba L. and I. hederifolia L.(Davis, 1978; Gönen, 1999;
Hançerli et al., 2018; Yazlık et al., 2018). Onen et al. (2021) recently
reported the presence of I. coocinea, raising the total number to
seven.

Species distribution models predict the potential spread of spe-
cies in space and time by using occurrence records and climatic
data. Huge changes in the distribution of plant species are medi-
ated by climate (Gebrewahid et al., 2020; Ji et al., 2020; Kaky
et al., 2020). Climate change is causing large-scale changes in the
distribution of native and introduced plants species (Gebrewahid
et al., 2020; Kaky et al., 2020; Pecl et al., 2017). Therefore, predict-
ing the distribution of species before their spread could aid in halt-
ing further spread. The MaxEnt model is based on the maximum-
entropy approach for modeling species niches and distributions.
Environmental data along with occurrence records of target spe-
cies are used to develop an index describing the suitability of spe-
cies to persist in different grid cells. A higher index is
representative of high suitability, whereas the low index values
indicate that species is unable to persist in respective grid cell.
MaxEnt model has been successfully used to predict the habitat
suitability for plenty of species in various geographic regions of
the world (Hijmans and Graham, 2006).

Although the plant has been reported as an alien/invasive spe-
cies in Turkey along with several countries or islands in the world,
there is no occurrence for Turkey in GBIF to date (Uludag et al.,
2017). In this study we confirm the presence of I. tricolor in Turkey.
We provide general information about its morphological charac-
teristics and the habitat in Tokat-Turkey where it was found, as
well as explore the potential agricultural risks associated with
the species. We also identify potential areas in Turkey that the spe-
cies could colonize under current climatic conditions. Our results
help to inform species management and halt its further spread in
the country.
Fig. 1. Ipomoea tricolor plants observed during the exploratory surveys in Tokat
province, Turkey.
2. Materials and methods

2.1. General characteristics of the plant and seed germination potential

Surveys were carried out in agricultural and residential areas in
the Tokat province of Turkey. Voucher specimens and seeds were
collected from four populations in three locations where the plant
was detected in the survey area. The plants were pictured on site.
The general characteristics of the plant were determined, and a
germination trial was carried out to find out the germination
potential of the collected seeds. The seeds were manually sacri-
ficed, and 25 of them (five replications) were placed between
2

two layers of moistened filter paper in Petri dishes. The seeds were
incubated 24 �C, 12 h light/dark conditions (Hardcastle, 1978).

2.2. Habitat suitability and occurrence records

The occurrence records of species at global scale were retrieved
from various databases and search engines. Occurrence records
were downloaded from GBIF and cleaned. For data cleaning, first
the records having coordinate precision < 1 km were deleted. The
records having no coordinates, belonging to other species and
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duplicate entries were deleted in the second step. Furthermore,
Scopus (https://www.scopus.com/home.uri) and Web of Science
(https://www.webofscience.com/wos/woscc/basic-search) were
explored for occurrence records. The occurrence records were com-
bined to get the final data set for model calibration. The occurrence
records in Turkey were added to complete the dataset and the final
data included 479 occurrences of the species.
2.3. Climatic data

The high-resolution climate data (�1 km grids) for current cli-
mate (1979–2019) was downloaded from CHELSA (https://
chelsa-climate.org/ (Karger et al., 2017) and used in predicting
the potential spread areas of the species.
A

B

Fig. 2. Ipomoea tricolor A) flowers, B) fruits and C) seeds obtaine

3

2.4. Modeling approach

The model was calibrated in a hierarchical fashion (Petitpierre
et al., 2012). Model calibration was done on a global scale using
global and local occurrence records. Habitat suitability was then
projected globally and for Turkey. Since the Maxent model requires
both occurrences and absences, 10,000 pseudo-absences were
included in the model. A 1 km distance around each occurrence
was buffered while sampling the pseudo-absences.

The values of 18 environmental variables (Table 1) were
extracted for each occurrence/absence record. The model was cal-
ibrated with 70 % of the data and evaluated on the remaining 30 %
(Elith et al., 2011). The model had 10 replications and results were
averaged to get habitat suitability. Bio18 was removed due to high
auto collinearity.
C

d from the plants recorded during the exploratory surveys.
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2.5. Model validation and statistical analysis

The final fitted model was visually validated with global distri-
bution data. The goodness of fit of the model was evaluated by
‘‘area under the receiver operating characteristic curve” (AUC)
(Swets, 1988). The AUC measures the overall discriminatory ability
of the model by quantifying the probability that the model cor-
rectly ranks a random presence locality higher than a random
background pixel (Phillips et al., 2006). The AUC ranges between
0.5 (model that performs no better than random) and 1 (model
with perfect discrimination).
3. Results and discussion

3.1. Species description and occurrence

During field observations, a plant belonging to the genus Ipo-
moea L. was first encountered on the edge of an agricultural land
(orchard) and in the garden of a house in Kat town in Tokat pro-
vince, Turkey (Figs. 1–4). The plant was subsequently identified
as I. tricolor. Although Uludag et al. (2017) listed I. tricolor among
the alien taxa in the flora of Turkey, a detailed literature review
found no actual records showing the presence of the species in Tur-
key (Hançerli et al., 2018; Onen et al., 2021; Özkil and Üremis�,
2020). The general characteristics of the plant and the locations
where the plant was observed were not mentioned by Uludag
et al. (2017). Hançerli et al. (2018) and Özkil and Üremis� (2020)
did not report the presence of I. tricolor in Turkey. Furthermore,
the species is not listed in the Plants Data Services in Turkey nor
in other databases keeping the record of plant distribution in the
country.

Detailed surveys were carried out in agricultural and residential
areas in the region, and the plant was found at two more locations
A

Fig. 3. Ipomoea tricolor plants climbing (A) apple a
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(in the courtyard of a mosque and in a green area). Local people
reported that seeds were collected from the garden of the house
where the plant first detected due to its extremely dense bloom
and stunning flowers. The coordinates of the occurrence sites are
given in Table 2.

Ipomoea species are generally grown as ornamental plants in
Turkey (Onen et al., 2021). Their seeds are often circulated
throughout the country, are available from local and foreign
sources and can also be purchased via internet from ecommerce
websites (Onen, 2015; Onen et al., 2021, 2016b). Therefore, the
species has possibly been introduced to the region as an ornamen-
tal plant and may spread throughout the country.

The general characteristics of the plant were determined from
the voucher specimen collected from the region. It has been
observed that the plant is a fast-growing vining and/or twining
annual species (Wood et al., 2020). The stems are robust, 4–
6 mm broad and up to 3.5–4 m in length, and glabrous. The plant
has a deep-going taproot with dense fibrous roots. The leaves are
alternate. The leaf blades are petiolate heart-shaped, cordate with
rather angular, apex acuminate, 3.5–13.5 cm in length, and 3–
14 cm in width. Leaves are entire, glabrous, and green. Auricles
are rather angular, apex acuminate. Petioles are 1.5–19 cm long.

Inflorescence is pedunculate (few-flowered axillary cymes).
Peduncles are 5–21 cm in length. The large showy flowers are
trumpet-shaped (salverform). Sepals are dark green with white
margin, oblong-deltoid. Corolla is 5-lobed, 5–7.5 cm long, and vivid
bright blue in color with white tube and yellowish throat (Figs. 2
and 3). Sepals are dark green with white margin, oblong-deltoid,
glabrous, inner slightly longer than the outer. Pedicels are 2–
3 cm. Ovaries are 4-celled, with 1 ovule in each cell. The plant is
hermaphrodite and is flowering from July to mid-December. The
flowers open in the morning and then fade and drop by evening
(Fig. 3A). Fruits are in capsular form, ovoid, glabrous, 9–11 � 5–6
B

nd (B) vine plants on the edge of an orchard.



Table 2
The points where the plant is encountered in Tokat-Turkey.

Name of the site General characteristics of the site Coordinates Specimen collector

Kat town of Tokat Province Roadside and edge of agricultural lands 40�19038.500N 36�20059.400E Hüseyin Önen
Kat town of Tokat Province On the fence and garden of a house 40�19039.700N 36�21009.500E Hüseyin Önen
The residential area of Tokat province In the courtyard of a mosque 40�20039.300N 36�32007.700E Hüseyin Önen
The residential area of Tokat province In a green area belonging to a residential site 40�20025.900N 36�32052.000E Hüseyin Önen

Fig. 4. Global occurrence records of Ipomoea tricolor used in the study to predict habitat suitability at global and regional scales (n = 479).

Fig. 5. Curves for AUC under the receiver operating characteristic indicating habitat suitability of Ipomoea tricolor under current climatic conditions.
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mm, light to dark brown, and contain 1–4 seeds (Fig. 3B). The seeds
are reddish-brown to blackish in color, 4.5–7 � 3–4.5 mm, min-
utely tomentose. Hilum wide is 0.5–1 mm (Fig. 2C). The general
descriptions of plants from Tokat populations agreed with the
existing definitions in the literature (Park et al., 2004; Wood
et al., 2015).

Among the Ipomoea spp. found in Turkey, I. tricolor can be con-
fused with I. purpurea (L.) Roth. However, I. tricolor is completely
glabrous, and corolla 5.5–7 cm, blue with yellowish throat and
white tube. Sepals are lanceolate, acute with white margins. I. tri-
color leaves are entire. But all vegetative parts are softly pubescent
in I. purpurea. I. purpureasepals are oblong or lanceolate, corollas
are 4–5 cm and usually pink (rarely white or blue). I. pur-
purealeaves are entire or 3–5-lobed (Wood et al., 2020).

It has been reported that I. tricolor can produce many capsules
and accordingly seeds (Fig. 3) like other Ipomoea species
Fig. 6. Predicted global habitat suitability of Ipom

Table 3
Relative contribution of different bioclimatic variables used to predict the habitat
suitability of Ipomoea tricolor under current climatic conditions (1979–2019).

Bioclim variable Percent
contribution

Annual Mean Temperature 1.38
Mean Diurnal Range (Mean of monthly (max temp - min

temp)
19.39

Isothermality (BIO2/BIO7) � (100) 7.91
Temperature Seasonality (standard deviation � 100) 16.16
Max Temperature of Warmest Month 2.40
Min Temperature of Coldest Month 20.97
Temperature Annual Range (BIO5-BIO6) 0.00
Mean Temperature of Wettest Quarter 0.28
Mean Temperature of Driest Quarter 0.00
Mean Temperature of Warmest Quarter 11.08
Mean Temperature of Coldest Quarter 13.65
Annual Precipitation 0.22
Precipitation of Wettest Month 0.67
Precipitation of Driest Month 4.23
Precipitation Seasonality (Coefficient of Variation) 0.26
Precipitation of Wettest Quarter 0.01
Precipitation of Driest Quarter 1.31
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(Crowley and Buchanan, 1982; Onen et al., 2021; Thullen and
Keeley, 1983). Besides the average seed germination rate of I. tri-
color seeds in the current study was quite high (94.67 ± 3.27 %)
from Petri dish experiment. Previous studies also revealed that
the seeds of the genus have a high germination potential (Egley,
1990; Hardcastle, 1978; Onen et al., 2021). Therefore, it is a com-
mon annual species that regenerates via seeds in successive years,
in the USA and particularly in cooler regions than its tropical origin
of Mexico (Wood et al., 2020).

I. tricolor has allelopathic potential (Anaya et al., 1995), and is
one of the Ipomoea species distributed around agro-ecosystems
or disturbed habitats near settlements oftropical regions in almost
all countries of the Americas, and clearly escapes from garden
(Wood et al., 2020). In conclusion, the plant can easily escape,
establish and naturalize into new areas, eventually becoming
weedy.
3.2. Habitat suitability under current climatic conditions

The AUC values of the model were 0.94, indicating that habitat
suitability was predicted with high accuracy. Thus, the results of
the model are considered reliable for designing action plans to halt
the further spread of the species (Fig. 5).

The contributions of the bioclimatic variables used to predict
the habitat suitability of I. tricolor under current climatic condi-
tions was evaluated by Jackknife analysis and permutations. The
results indicated that mean diurnal range, temperature seasonal-
ity, minimum temperature of the coldest month, and mean tem-
perature of coldest and the warmest quarter had the highest
contribution towards the model under current climatic conditions
(Table 3). These results indicatedthat temperature is the main dri-
ver for habitat suitability of I. tricolor under current climatic condi-
tions (Table 3). Temperature was the most influential
environmental variable affecting the distribution of the species.
These results indicated that temperature changes will exert strong
impacts on the further spread of the species in Turkey.

The model predicted that the areas neighboring to the current
distribution range of the species have high suitability for the
oea tricolor under current climatic conditions.



Fig. 7. Predicted habitat suitability of Ipomoea tricolor in Turkey under current climatic conditions.
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spread of the species at global scale (Fig. 6). Interestingly, a large
portion of Turkey has been predicted as suitable for the spread of
the species (Fig. 7). The Black Sea and partly central Anatolia
regions were highly suitable, and some areas in Thrace, Aegean,
and Mediterranean regions moderately and/or less suitable,
whereas the other areas of the country were predicted as unsuit-
able for the spread of the species.

4. Conclusion

The occurrence of I. tricolor in Turkey is confirmed in this study.
The species has possibly been introduced in the region as an orna-
mental plant and it may have a much more widespread distribu-
tion throughout the country. Species distribution model indicated
plenty of vacant niches for the species in the country. Some other
introduced Ipomoea species have already become troublesome
weeds and cause problems at a regional scale, especially in certain
agro-ecosystems in Turkey. There is also a risk that I. tricolor could
extend its occurrence range, naturalize, and invade other areas in
the country. The plant can be a problematic weed due to its vigor-
ous growing nature, reproductive capacity and allelopathic charac-
teristics.Therefore, detailed surveys are needed to determine the
distribution areas of I. tricolor in other parts of the country. Since
some congeners of this species cause significant problems, it
should also be considered that early warning and eradication pro-
grams against the plant may be needed according to the weed risk
assessment to be made.
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Özaslan, C., Onen, H., Farooq, S., 2016. Do railways contribute to plant invasion in
Turkey? Agric. For. 62, 285–298.

Özkil, M., Üremis�, _I., 2020. Akdeniz Bölgesi Tarım Alanlarında Bulunan Aks�am Sefası
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