
Impact of alien plants in Turkey assessed by the Generic Impact Scoring System 31

Impact of alien plants in Turkey  
assessed by the Generic Impact Scoring System

Ayşe Yazlık1,2, Jan Pergl1, Petr Pyšek1,3

1 The Czech Academy of Sciences, Institute of Botany, Department of Invasion Ecology, CZ-252 43 Průhonice, 
Czech Republic 2 Department of Plant Protection, Faculty of Agriculture and Nature Sciences, Düzce Univer-
sity, Düzce, Türkiye 3 Department of Ecology, Faculty of Science, Charles University, Viničná 7, CZ-128 44 
Prague, Czech Republic

Corresponding author: Ayşe Yazlık (ayseyazlik@gmail.com)

Academic editor: J. Catford    |   Received 12 January 2018    |   Accepted 12 June 2018    |   Published 27 June 2018

Citation: Yazlık A, Pergl J, Pyšek P (2018) Impact of alien plants in Turkey assessed by the Generic Impact Scoring 
System. NeoBiota 39: 31–51. https://doi.org/10.3897/neobiota.39.23598

Abstract
In this paper, we present the impact categorizations of 51 alien plant species in Turkey, which were 
determined using the Generic Impact Scoring System (GISS). The evidence on environmental and 
socioeconomic impacts of these alien species was searched in literature. Impacts were classified into 12 
categories (six for environmental and six for socioeconomic) and, within each category, the impact was 
assessed on a six degree scale. Environmental impacts were recorded for 80% of the species and mostly 
concern ecosystem processes (changes in nutrient or water availability and disturbance regimes), while 
socioeconomic impacts, identified for 78% of the species assessed, are typically associated with agricultural 
production or human health. Summed scores of individual species across categories of environmental and 
socioeconomic impacts were not significantly correlated. By taking into account the actual distribution of 
the assessed species, we evaluated the regional distribution of (potential) impacts in Turkey. The Black Sea 
region harbours the highest number of species with impacts (34 species, i.e. 67% of the total assessed for 
the whole country), 28 species were recorded in the Marmara, 21 in the Mediterranean, 17 in the Aegean 
and 12 in each of the South East Anatolia, Central Anatolia and East Anatolia regions. The species that 
have negative impact on forestry are only found in three regions. Altogether 21 species are agricultural 
weeds, but we only found evidence of a minor socioeconomic impact for some of them. Determining 
the impacts based on specific criteria (i) provides basis for objective risk assessment of plant invasions in 
Turkey, (ii) can be taken as early warning to combat these plants and (iii) contributes to the growing body 
of evidence of the impacts of alien plant species.
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Introduction

In the last decade, evidence has accumulated about serious negative impacts of alien 
species on the environment, economy and human well-being in all parts of the world 
(Vilà et al. 2010, 2011, Ricciardi et al. 2013, Kumschick et al. 2015b, Rumlerová et 
al. 2016, Nentwig et al. 2018). These impacts range from effects on individuals (e.g. 
competition, transfer of diseases, genetic and evolutionary changes) through popula-
tions, species and communities to those affecting whole ecosystems and their func-
tioning (Parker et al. 1999, Ehrenfeld 2010, Pyšek et al. 2012, Simberloff et al. 2013). 
Many invasive species have been shown to have negative socioeconomic impacts (Per-
rings et al. 2010, Bacher et al. 2018). Overall, there is robust scientific evidence that 
biological invasions can not only decrease the diversity of native species, but can also 
negatively affect animal and human health in the invaded areas (Weber 2003, Rich-
ardson and Pyšek 2006, Lambdon et al. 2008, Pyšek and Richardson 2010, Hulme 
2013, Schindler et al. 2015).

A strong commitment of the European Commission to provide solid and sustain-
able solutions regarding the management of invasive alien species in Europe is on 
record (Roy et al. 2013, EU 2014, Genovesi et al. 2015). According to recent Euro-
pean Union legislation, there will be a mandatory response by all member states to 
the threats that invasive species pose to biodiversity and ecosystem services. The new 
regulation includes, after the first update in 2017, a list of 49 invasive alien species, 
which may be a threat or of concern in EU member states. To be included on this list, 
a full risk assessment, including evaluation of impact of a candidate species, has to be 
completed by experts, reviewed by members of the Scientific Forum and accepted by 
the European Commission and member states (EU 2014).

The evaluation of the impacts of individual species varies amongst regions and 
stakeholders in different sectors, such as nature protection, forestry or hunting (Sla-
donja et al. 2015, Vítková et al. 2017). For management, identifying the most delete-
rious species is a priority (Pergl et al. 2016). Hence, a robust and objective approach 
to rank alien species impacts through standard procedures is required (Nentwig et al. 
2010, Vaes-Petignat and Nentwig 2014, Kumschick et al. 2015a, 2017, Rumlerová et 
al. 2016). To achieve this goal, two comprehensive methods to assess socioeconomic 
and/or environmental impacts were proposed recently (Nentwig et al. 2010, Black-
burn et al. 2014). The Environmental Impact Classification for Alien Taxa (EICAT; 
Blackburn et al. 2014, Hawkins et al. 2015), now adopted as an official instrument of 
IUCN (https://www.iucn.org/theme/species/our-work/invasive-species/eicat), enables 
the environmental impacts of all alien taxa to be classified. Socioeconomic impacts 

https://www.iucn.org/theme/species/our-work/invasive-species/eicat
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are covered by the recent framework SEICAT (Bacher et al. 2018), where the evalua-
tion is based on the change in human well-being, rather than on eradication costs and 
monetary loss from, for example, reduced yield – approaches that were used previously. 
However, for risk assessments to be considered by EU as a basis for prioritization, it 
is required that all possible impacts of alien species be evaluated, including those on 
human health and economy (Roy et al. 2013). These aspects are covered by the second 
scheme, the Generic Impact Scoring System (GISS; Nentwig et al. 2010, 2016) which 
was introduced in a study on mammals alien to Europe (Nentwig et al. 2010) and then 
applied to other taxonomic groups (e.g. Kumschick and Nentwig 2010, Vaes-Petignat 
and Nentwig 2014, van der Veer and Nentwig 2014, Laverty et al. 2015, Novoa et al. 
2016, Rumlerová et al. 2016). While assessment of each additional group required 
some specific modifications and additional features were being included in GISS, the 
system remained generic (see Nentwig et al. 2016 for summary and update). Out of the 
12 impact categories in GISS, there are six categories for environmental impacts and 
six for socioeconomic impacts. The information generated through the development of 
such a system can provide decision-makers and other stakeholders with guidelines for 
prioritization of threats imposed by alien species and identify species to be targeted by 
management (Nentwig et al. 2010, Pergl et al. 2016, Rumlerová et al. 2016).

Our study focuses on Turkey, a country spanning three floristic (Mediterranean, 
Irano-Turanian and Euro-Siberian) and seven climatic zones, which results in a re-
markably rich flora. Turkey harbours 9,342 species of seed plants, of which 31% 
are endemic (Güner et al. 2012). This diversity is threatened by many factors re-
lated to human activities, amongst which alien species represent an important issue. 
Unfortunately, the information on alien flora in Turkey remained rather scattered 
until recently. Many alien plant species were reported especially from North-East of 
Anatolia, the East Black Sea region in particular and mostly recorded in forest or tea 
plantations (e.g. Terzioğlu and Ansin 1999, Coşkunçelebi et al. 2007, Karaer and 
Kutbay 2007, Brundu et al. 2011, Eminağaoğlu et al. 2012, Karaer and Terzioğlu 
2013). Çınar et al. (2011) presented a detailed study of naturalized alien species from 
the coast of Turkey and Uludağ et al. (2017), in the recently published first study on 
the alien flora of the whole country, reported a total number of 340 alien taxa. Of 
these, 228 (68%) are naturalized and 112 (32%) are casual species. About two thirds 
were introduced deliberately, mostly as ornamentals, forestry species or crops, while 
110 species were introduced unintentionally. Of the total pool of alien species in the 
country, 23% occur in agricultural areas, amongst them 16% as naturalized and 7% 
as casual (Uludağ et al. 2017).

With this new source on the alien plant species diversity in Turkey (Uludağ et al. 
2017), assessing their impacts appears the logical next step. The aims of the present 
study were thus to determine, by applying GISS, (i) which alien plant species have 
the greatest potential environmental and socioeconomic impacts, (ii) which impact 
types represent the greatest threat and (iii) which sectors (forestry and agriculture) and 
regions in Turkey are most affected.
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Methods

Selection of species

To select the species for our study, we considered plants alien to Turkey (following 
the definition of Pyšek et al. 2004, Blackburn et al. 2011), as reported in Uludağ 
et al. (2017). The selection process aimed at identifying plant species with potential 
environmental and socioeconomic impacts in Turkey, i.e. those that were suggested 
as problematic in the local literature (see e.g. Eminağaoğlu et al. 2012, Karaer and 
Terzioğlu 2013, Uruşak et al. 2013, Uremiş et al. 2014), including master and doctoral 
theses (Yazlık 2001, Yıldırım 2001, Kitiş 2002). Some of these alien species are already 
widely distributed in the country but some were introduced to Turkey as late as the last 
two decades, which allows determination of their potential impacts before they start 
to spread across large areas, possibly further increasing their abundance. The screening 
yielded 51 species meeting the above criteria that were included in the evaluation of 
impacts. All evaluated species are neophytes, 31 are considered naturalized and 20 are 
still in the casual stage (according to the criteria described in Richardson et al. 2000, 
Blackburn et al. 2011) (Table 1).

Scoring of impacts

We used the Generic Impact Scoring System (GISS; Nentwig et al. 2016) to quantify 
the negative impacts (environmental, socioeconomic) of the selected alien plant spe-
cies. The GISS includes 12 categories, with their impact within each category scored in 
the range of zero to five, giving six possible scores. A score of “zero” means that an alien 
species has no impact (or an unknown impact) and “five” represents the maximum 
impact. The impact levels were assigned based on published literature, grey literature, 
including master and doctoral theses and local reports (Suppl. material 3).

The data on particular impacts were searched using (i) ISI Web of Knowledge, by 
including a species’ scientific name combined with keywords indicating its alien/natu-
ralized/invasive status and impact; (ii) databases of invasive species with their impacts 
recorded, namely DAISIE, NOBANIS (The European Network on Invasive Alien 
Species, www.nobanis.org ) and GISD (The Global Invasive Species Database, www.
issg.org), also searching the references on which these impacts were based; and (iii) 
other bibliographic sources of information including regional and national case studies 
(mainly theses and reports from Turkey) and books mentioned in the primary litera-
ture. We considered evidence for the impact of individual species across their whole 
invaded range, not only in Turkey (see e.g. Rumlerová et al. 2016).

The environmental impacts consist of: impact on plants or vegetation (category 
1.1), impact on animals (e.g. through altered food availability) (1.2), impact on other 
species through competition (1.3), impact through transmission of diseases or para-

http://www.nobanis.org
http://www.issg.org
http://www.issg.org
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Table 1. Environmental (Env.), socioeconomic (Soc.) and total (logarithmic sum; see text for explanation) 
impacts of alien species in Turkey. Each taxon is listed with its family, life form, life history, invasion status in 
Turkey (Cas = casual, Nat = naturalized; Pyšek et al. 2004, Blackburn et al. 2011), native range and distribu-
tion extent in Turkey. Status as an agricultural weed, based on literature, is indicated (see text for details).

No Species Family Env. Soc. Total 
score

Agr. 
weed

Life 
form

Life 
history Status Native range

Number of 
grid cells 

(See Suppl. 
material 1)

1 Acalypha 
australis

Euphorbi-
aceae 0 2.00 2.00 Yes Herb Annual Nat Asia 1

2 Acer negundo Sapindaceae 3.00 2.05 3.05 No Tree Perennial Nat N America 2

3 Aethionema 
carneum Brassicaceae 0 1.04 1.04 Yes Herb Annual Nat SW Asia 3

4 Agave americana Aspara-
gaceae 3.04 2.00 3.08 No Herb/

Shrub
Perennial 
succulent Cas N America 4

5 Ailanthus 
altissima

Simarou-
baceae 3.48 3.00 3.60 No Tree Perennial Nat Asia 2

6 Alhagi 
pseudalhagi Fabaceae 2.00 2.00 2.30 Yes Shrub Perennial Nat West Asia, 

Europe 11

7 Alyssum 
dasycarpum Brassicaceae 0 2.00 2.00 Yes Herb Annual Nat Asia, Europe 13

8
Alyssum 
sibiricum

Brassicaceae 0 2.00 2.00 Yes Herb Perennial Nat Asia, Europe 14

9 Alyssum strictum Brassicaceae 0 2.00 2.00 Yes Herb Annual Nat Asia, Europe 9

10
Alyssum 
strigosum subsp. 
strigosum 

Brassicaceae 0 2.00 2.00 Yes Herb Annual Nat Asia, Europe 14

11
Amaranthus 
caudatus

Amaran-
thaceae 2.3 1.04 2.32 No Herb Annual Nat S America 1

12
Amaranthus 
hybridus

Amaran-
thaceae 3.04 2.05 3.08 Yes Herb Annual Nat C America,  

N America 3

13
Amaranthus 
retroflexus

Amaran-
thaceae 3.32 3.00 3.49 Yes Herb Annual Nat C America,  

N America 5

14
Amaranthus 
spinosus 

Amaran-
thaceae 2.00 2.48 2.60 Yes Herb Annual Nat Trop. America 1

15
Ambrosia 
artemisiifolia

Asteraceae 4.00 3.08 4.05 Yes Herb Annual Nat N America 2

16
Amorpha 
fruticosa 

Fabaceae 4.00 0 4.00 No Shrub Perennial Cas N America 1

17 Artemisia annua Asteraceae 3.00 4.00 4.50 No Herb Annual Nat W Asia 7

18
Artemisia 
verlotiorum

Asteraceae 3.04 3.00 3.08 No Herb Perennial Nat Asia 1

19 Bidens bipinnata Asteraceae 2.00 2.00 2.30 Yes Herb Annual Nat Asia, 
N America 1

20 Bidens frondosa Asteraceae 3.08 2.48 3.18 No Herb Annual Nat N America 2

21
Bromus 
danthoniae

Poaceae 2.00 2.00 2.30 Yes Herb Annual Nat Asia, Europe 2

22 Buddleja davidii Scrophu-
lariaceae 0 1.04 1.04 No Shrub Perennial Nat Asia 2

23
Camelina 
microcarpa 

Brassicaceae 0 1.04 1.04 Yes Herb Annual or 
biennial Nat Africa, Asia, 

Europe 6
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No Species Family Env. Soc. Total 
score

Agr. 
weed

Life 
form

Life 
history Status Native range

Number of 
grid cells 

(See Suppl. 
material 1)

24 Canna indica Cannaceae 3.04 0 3.04 No Herb Perennial Cas S America 5

25
Carpobrotus 
edulis 

Aizoaceae 4.03 0 4.03 Yes Herb Perennial Nat S Africa 4

26
Conyza 
bonariensis

Asteraceae 2.30 2.30 2.69 Yes Herb Annual Nat S America 7

27
Conyza 
canadensis 

Asteraceae 3.08 3.32 3.52 Yes Herb Annual Nat N America 13

28
Chenopodium 
ambrosioides

Chenopo-
diaceae 1.32 0 1.32 No Herb Annual or 

perennial Nat N America 6

29
Eichhornia 
crassipes 

Pontede-
riaceae 5.05 4.32 5.12 No Aquatic Perennial Nat S America 1

30 Elatine ambigua Elatinaceae 2.00 0 2.00 No Aquatic Annual Nat S Asia 3
31 Elatine triandra Elatinaceae 2.00 0 2.00 No Aquatic Perennial Nat N America 1
32 Eleusine indica Poaceae 2.00 3.04 3.08 Yes Herb Annual Nat Africa 2

33 Elodea canadensis Hydrochar-
itaceae 4.34 3.30 4.38 No Aquatic Perennial Nat N America 1

34
Eucalyptus 
camaldulensis

Myrtaceae 4.34 2.00 4.34 No Tree Perennial Cas Australia 5

35
Ipomoea 
purpurea

Convolvu-
laceae 2.00 3.00 3.04 Yes Herb Perennial Nat C America,  

N America 3

36 Lantana camara Verban-
aceae 5.05 4.11 5.10 No Shrub Perennial Cas C America,  

S America 4

37 Melia azedarach Meliaceae 0 2.32 2.32 No Tree Perennial Cas Asia 5

38 Mirabilis jalapa Nyctagi-
naceae 2.05 0 2.05 No Herb/

Shrub Perennial Cas C America,  
S America 1

39 Nicotiana glauca Solanaceae 2.30 2.32 2.61 No Shrub Perennial Nat S America 5

40
Panicum 
capillare

Poaceae 0 2.30 2.30 No Herb Annual Nat N America 1

41
Phytolacca 
americana 

Phytolac-
caceae 1.04 1.04 1.32 No Herb/

Shrub Perennial Nat N America 7

42
Pseudotsuga 
menziesii 

Pinaceae 4.01 0 4.01 No Tree Perennial Cas N America 1

43
Robinia 
pseudoacacia

Fabaceae 3.48 3.11 3.63 No Tree Perennial Nat N America 4

44 Sicyos angulatus Cucurbita-
ceae 3.00 2.30 3.08 Yes

Herba-
ceous 
Vine

Annual Nat N America 2

45
Sigesbeckia 
pubescens

Asteraceae 3.00 0 3.00 No Herb Annual Cas Asia 2

46
Solanum 
elaeagnifolium 

Solanaceae 3.00 2.00 3.04 No Herb Perennial Nat S America 1

47
Solanum 
pseudocapsicum 

Solanaceae 2.00 2.00 4.00 No Shrub Perennial Cas S America 2

48
Solanum 
sisymbriifolium 

Solanaceae 2.00 0 2.00 No Shrub Perennial Nat C America,  
S America 1

49
Solidago 
canadensis

Asteraceae 4.00 2.00 4.01 No Herb Perennial Nat N America 1

50 Tagetes minuta Asteraceae 3.00 0 3.00 No Herb Annual Cas S America 7

51
Tradescantia 
fluminensis

Com-
melinaceae 4.34 2.00 4.34 No Herb Annual Nat S America 1
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sites to native species (1.4), impact through hybridization (1.5) and impact on ecosys-
tems (1.6). Socioeconomic impacts are categorized as follows: impact on agricultural 
production (2.1), impact on animal production (2.2), impact on forestry production 
(2.3), impact on human infrastructure and administration (2.4), impact on human 
health (2.5) and impact on human social life (2.6) (see Nentwig et al. 2016). The 
protocols for assessing plant impacts are described in detail in Rumlerová et al. (2016).

If more than one study assessed impacts in a category and scored them differently, 
we assigned the species with the highest score as we were interested in potential 
maximum impacts (Rumlerová et al. 2016). Suppl. material 3 provides information on 
detailed scoring of species in each category with corresponding references. Based on the 
maximum scores, for each species and impact group (environmental, socioeconomic), 
the logarithmic sum of all values scored across the six categories was calculated 
(log10(Ʃ(10^impact values)). The logarithmic sum was used to reflect the exponential 
nature of the gradual increase in the levels of the GISS system, when individual levels 
of impact are of different orders of magnitude (see Rumlerová et al. 2016).

Species traits

For each species included in this study we recorded information on its life history 
(annual or perennial; Table 1) and whether the species was considered an agricultural 
weed in Turkey; this information was taken from literature. The region of origin was 
categorized as follows: Asia, America (North America, South America and Central 
America), Africa, Australia and Europe. The data on species traits were taken from the 
databases (USDA, www.plants.usda.gov; DAISIE, www.europe-aliens.org; Council of 
Higher Education National Centre, https://tez.yok.gov.tr/UlusalTezMerkezi/giris.jsp), 
theses (e.g. Yazlık 2001, Yıldırım 2001) and published papers (e.g. Yıldırım and Ekim 
2003, Brundu et al. 2011). Plant names have been verified using IPNI (International 
Plant Name Index, http://www.ipni.org).

Species distribution

The distribution of the studied species in Turkey was expressed using a grid system 
(Fig. 1, Suppl. material 1) following the Flora of Turkey (Davis 1965–1985, Davis et 
al. 1988) and East Aegean Islands (Güner et al. 2000). The distance between the two 
latitudinal degrees is 220 km and that between the two longitudinal degrees 175 km, 
with the area of a grid cell being 38,500 km² (Akaydın and Erik 1996). The bio-
geographical distribution (Fig. 1) was used to assess regional differences in the types 
of impacts. The geographical system divides Turkey into seven regions (Marmara; 
Black Sea; Aegean; Mediterranean; Central Anatolia; South East Anatolia; and East 
Anatolia; Tuncel 2011). Data on the distribution of the species studied was taken 
from the following sources: Babaç (2004), Bakış et al. (2011), Eminağaoğlu et al. 

http://www.plants.usda.gov
http://www.europe-aliens.org
https://tez.yok.gov.tr/UlusalTezMerkezi/giris.jsp
http://www.ipni.org
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Figure 1. The sections of Turkey in different systems. (i) Biogeographical system: Euro-Siberian – hatch-
ing, Mediterranean – no hatching and Irano-Turanian – dots; (ii) geographical system: ■ Marmara region, 
■ Black Sea region, ■ Mediterranean region, ■ Central Anatolia region, ■ South East Anatolia region, 
■ East Anatolia region, ■ Aegean region and (iii) the grid system according to Davis (1965–1985, 1988) 
is overlaid over the map.

(2012), Karaer and Terzioğlu (2013), Uruşak et al. (2013) and Uremis et al. (2014). 
Data on the extent of agricultural area was taken from the Turkish Statistical Insti-
tute (http://www.tuik.gov.tr).

Statistical analyses

The relationships between the impacts, the species and their distribution were analysed 
by using exploratory analyses. We compared the relationships between the scores for envi-
ronmental and economic impacts with the distribution of species in Turkey (explanatory 
variable) by linear regression, to find out whether widely distributed species have a higher 
or lower than average impact in some categories. We also tested the correlation between 
environmental and socioeconomic impacts of individual species. The relationship between 
the extent of agricultural area in the region and the mean impact on agriculture of spe-
cies occurring in that region was also tested by correlation. The correlations were tested 
by standard Pearson correlation tests (Crawley 2007). In addition, the t-test was used to 
analyse whether the a priori, literature-based assignment of a species as an agricultural weed 
was associated with its impact on agriculture and its total socioeconomic impact, as scored 
in our study. The analyses were done in R (Crawley 2007, R Development Core Team 
2013). 

Results

A total of 125 publications and 15 databases/factsheets from ISSG, USDA, CABI and 
NOBANIS (Suppl. material 2) were used to assign 439 individual GISS scores to the 

http://www.tuik.gov.tr
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species assessed (see Suppl. material 3). The 51 species studied belong to 41 genera and 
26 families. In terms of life history, the data set included 26 perennial, 23 annuals and 
two species classified in both groups. There were 32 herbs, seven shrubs, three herb/
shrub, six trees, four aquatic plants and one vine. Twenty-one species are considered as 
agricultural weeds in literature (Table 1). Considering the origin, most of the species 
originate from the Americas (32) and Asia (17) (Table 2).

The five most widely distributed species occur in at least 35% of grid cells (Table 1, 
Suppl. material 1): Alyssum sibiricum, Alyssum strigosum subsp. strigosum (in 14 out of 
29), Alyssum dasycarpum, Conyza canadensis (13) and Alhagi pseudalhagi (11). In terms 
of geographical regions, the Black Sea region harbours 34 species, Marmara 28, Medi-
terranean region 21, Aegean region 17 and East Anatolia, Central Anatolia and South 
East Anatolia harbour 12 species each (Fig. 2). Species, for which we recorded impact 
on forestry, are present in Black Sea, Marmara and Mediterranean regions. There was 
a significant negative relationship between the environmental impact and the number 
of grid cells the species occupies in Turkey (env. impact = -0.14 × grid no.; F1,50 = 7.1; 
p = 0.01) and non-significant relationship for socioeconomic impact (F1,50 = 0.00; p = 
0.96) (Figs 3A, B).

There is evidence that 41 of the 51 alien plants considered in this study have 
environmental impacts. The impacts on ecosystem (category 1.6) and on plants or 
vegetation (1.1) were the most frequent amongst environmental impacts, recorded 
for 24 species (59% of those with environmental impacts). Impact on other species 
through competition (1.3) was recorded in 18 species (43%). Socioeconomic impacts 
were recorded for 40 species. The most frequent socioeconomic impact, applying to 
28 species (70% of those with socioeconomic impact), was recorded on agricultural 
production (2.1). The impact on human health (2.5) was recorded in 22 species (55%) 
and on human social life (2.6) in eight species (20%).

The top 22 alien species ranked according to the decreasing logarithmic sum of 
all impact scores across categories of environmental and socioeconomic impacts are 
shown in Fig. 4. Eichhornia crassipes, Lantana camara, Elodea canadensis, Eucalyptus 

Table 2. The origin of the assessed species. Note that the total sum of species by regions of origin exceeds 
the 51 species analysed, because some of them have their origin in more than one region.

Origin No
Asia 17
Africa 3
Americas: 32

North America 16
South America 10
Central & North America 3
Central & South America 3

Australia 1
Europe 7
Species analysed 51
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Figure 2. Map of impact types per individual geographical region. Shading of the regions reflects the 
extent of agricultural area (thousands of km2 in that region; TUIK 2015). The heights of the bars in the 
main figure are proportional to the assessed impact of alien species in the regions; two bars with mean 
impacts of 3 and 5 are shown as a reference. Numbers above the bars show the number of species with 
environmental and socioeconomic impact in the region.

camaldulensis, Tradescantia fluminensis, Carpobrotus edulis, Ambrosia artemisiifolia and 
Artemisia annua ranked the highest. The species scores of impact in socioeconomic and 
environmental categories were not correlated (r = 0.17; df = 50; t = 1.36; p = 0.18).

Figure 3. Correlation between the a environmental and b socioeconomic (logarithmic score) impact and 
distribution of alien species in Turkey (no. of occupied grid cells). Each dot represents a species.

a b
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An analysis, focused on agriculture, revealed that Conyza canadensis, Amaranthus retro-
flexus and Ipomoea purpurea have high impacts on agricultural production (category 2.1). 
We found marginally significantly greater impacts on agriculture of species a priori clas-
sified as ‘agricultural weeds’ than of other species, not considered agricultural weeds in 
literature (t-test = 2.08; df = 15; p = 0.06) and no significant difference between these two 

Figure 4. Top 22 alien species ranked according to decreasing logarithmic sum of all impact scores across 
categories of environmental (white bars) and socioeconomic (grey bars) impacts. Note that by using the 
logarithmic sum, the highest score recorded has the most influence on the overall score while the other 
scores have relatively little influence on the overall value; this approach ensures that emphasis on the 
maximum impact of species is maintained.
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groups in overall socioeconomic impact (t-test = 1.38; df = 55; p = 0.17). Of the 21 ‘agri-
cultural weeds’, the evidence for impact on agriculture was found for 20, with an average 
score of 2.1, while, for the 30 non-weedy species, nine had a record of impact, with an 
average 1.8. No significant relationship between the extent of agricultural area with mean 
impact on agriculture (2.1) was found (r = -0.41, df = 5, t = 0.993, p = 0.37).

Discussion

The vast majority of species assessed in this study can potentially have some impact in 
Turkey; of the 51 species scored, we found evidence in literature of environmental and 
socioeconomic impacts for 41 and 40 species, corresponding to 80% and 78%, respec-
tively. For 30 assessed species, we found evidence of both environmental and socioeco-
nomic impacts, while 11 species have only environmental and 10 species only socio-
economic impacts. Since our evidence database was compiled from primary sources in 
which the impacts were tested by original authors, we minimized the potential bias that 
might occur due to incorrect interpretation or reporting in secondary references. Anoth-
er potential bias is associated with uncertainty in recording the impacts in the primary 
studies. We tried to minimize this by using multiple assessments of the same impact type 
for the same species where such data were available and taking the maximum value as 
in previous studies employing GISS (Kumschick et al. 2015a, Rumlerová et al. 2016).

The impacts of alien species have been traditionally evaluated to address the eco-
nomic costs of invasion (Perrings et al. 2010) or to quantify direct eradication costs 
(Reinhardt et al. 2003); a system for a broader evaluation of a wide range of socioeco-
nomic aspects of invasion has been developed only recently (Bacher et al. 2018). Not 
so long ago, environmental assessments were rather rare and those that were available 
used mostly economic currencies (see Jeschke et al. 2014 for overview of definitions 
related to impact); this has changed recently when new methods for evaluation of 
environmental impacts were developed (Nentwig et al. 2010, Blackburn et al. 2014, 
Kumschick et al. 2015b).

In our study, we considered both environmental and socioeconomic impacts of 
alien species that may become problematic in the near future. The highest economic 
impacts are likely to occur in agriculture and human health sectors. In total, 22 spe-
cies (out of the 51 we assessed) occurring in agricultural areas are considered as prob-

Table 3. Overview of categories scored in the two impact groups (environmental and socioeconomic), 
numbers of alien species for which the data were found, and % of the 51 species screened. The numbers 
of scored species in categories include also zero scores.

Environmental (total 41 species) Socioeconomic (total 40 species)
Impact type 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 2.5 2.6
Total plant 24 11 18 6 0 24 29 6 4 5 22 8
% 59 27 44 15 0 59 71 15 10 12 54 20
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lematic (Yazlık 2001, Yıldırım 2001, Kitiş 2002). Some plants with strong impacts 
on agriculture such as Conyza canadensis and Amaranthus retroflexus occur in high 
abundances in different biogeographic regions and colonize a range of different habi-
tats. This corresponds to previous reports about these species as agricultural weeds in 
different biogeographic regions of Turkey; in the Irano-Turanian region, Amaranthus 
retroflexus was recorded in 19% and 15% of pear and apple orchards sampled, respec-
tively (Yazlık 2001). In the Mediterranean region, 91% tomato fields were infested 
by this species and A. retroflexus occurred with an average density of 6.5 plants/m2 
(Kitiş 2002). The large impact of Conyza spp. (including C. canadensis; N. Doğan, 
personal communication) determined in this study is corroborated by evidence from 
the Mediterranean and Aegean regions, where herbicide-resistant biotypes have been 
identified (Doğan et al. 2016).

Turkey consists of three different biogeographic zones, which represent natural 
barriers in the naturalization-invasion process for some species, because of climatic 
characteristics, such as extreme temperature, or precipitation in the dry season; only 
five aliens with impacts assessed here are widespread across the country. Our data sug-
gest that the cumulative impacts of many alien species only occur in some regions 
because the species with highest impact are not yet widely distributed over the whole 
country. This finding can be important for management, because the eradication of 
localized populations is more feasible and less costly compared to populations of wide-
spread invaders (Pluess et al. 2012). In addition, the non-significant relationship be-
tween economic impact and distribution indicates that the overall impact of alien spe-
cies in a region is proportional to their distribution and can be predicted on the basis 
of assumed future spread of weedy species.

For environmental impact, the highest scores were found for a diverse group of 
species containing Eichhornia crassipes, Lantana camara, Tradescantia fluminensis, Elodea 
canadensis, Eucalyptus camaldulensis, Carpobrotus edulis, Pseudotsuga menziesii and Am-
brosia artemisiifolia as prominent examples. They are representatives of various life forms 
of plants from aquatics to shrubs and trees. This corresponds to previous findings from 
other regions that the impact is positively associated with height and depends on the 
environment, with aquatic plants having the greatest impacts (Rumlerová et al. 2016). 
The most common mechanism for environmental impact in our study was via ecosystem 
changes with direct negative effects on plants and vegetation. Compared to Rumlerová et 
al. (2016), competition was not the most frequent mechanism for impact in our study. 
Nevertheless, the above-mentioned ecosystem changes can be a consequence of indirect 
effects on other organizational levels that result in complex changes due to invasion.

Eichornia crassipes, Lantana camara, Artemisia annua, Solanum pseudocapsicum, Co-
nyza canadensis, Elodea canadensis and Robinia pseudoacacia are also species with the 
greatest socioeconomic impacts, reaching values comparable to those of major agricul-
tural weeds discussed above. We found only a marginally significant relationship be-
tween the species’ weed status and their impacts on agriculture as scored in our study. 
This indicates that, in previous assessments, these species were assigned their weed 



Ayşe Yazlık et al.  /  NeoBiota 39: 31–51 (2018)44

status rather subjectively and probably on the basis of their high abundance, which 
does not necessarily translate into high impact.

Vilà et al. (2010) found a relatively weak correlation between the economic and 
ecological impacts for terrestrial plants. Our analysis provided similar results, with no 
relationship between the two types of impacts. This can be explained by the fact that 
invasive terrestrial plants are preferentially studied for selected types of impacts and the 
priorities about what impact to target can largely differ amongst individual assessors 
(Vilà et al. 2011, Hulme et al. 2013). The fact that environmental and socioeconomic 
impacts of plants are, to some extent, independent from each other, as indicated by the 
lack of correlation, calls for measuring and recording both types of impact.

For some species, potential impacts recorded here are greater than reported in a 
study that assessed the impacts of plant invaders in Europe using the same methods 
(Rumlerová et al. 2016). Theoretically, impact values should be the same across the 
two studies because the data should reflect the maximum impact of the species in its 
entire alien range. Some of these differences can be attributed to the fact that the cur-
rent study used literature that was published after the scoring for the paper of Rum-
lerová et al. (2016) was performed and the fact that we also used local reports (e.g. 
Yazlık 2001, Yıldırım 2001, Kitiş 2002) to make our study as relevant for Turkey as 
possible. Despite some differences in the scores of some species, in general, species with 
the highest impacts from both studies have similar scores. For instance, the top ranked 
species in Turkey and Europe were the same (Lantana camara, Eichhornia crassipes, Elo-
dea canadensis, Robinia pseudoacacia, Eucalyptus camaldulensis, Tradescantia fluminensis, 
Solidago canadensis and Carpobrotus edulis) and exhibited the greatest impacts in the 
same categories. In addition, some recently recorded species in Turkey (e.g. Tradescantia 
fluminensis; Eminağaoğlu et al. 2012) were classified in our study, similar to the scor-
ing performed by Rumlerová et al. (2016), as having high impacts. This, together with 
the negative relationship that we found between the environmental impact of a species 
and its distribution, a relationship that is hard to interpret, points to the importance of 
scoring the impacts before the species becomes widely distributed.

A precautionary approach to invasive plants should be adopted not only in pro-
tected areas (Foxcroft et al. 2017) but also in agricultural and urban areas where alien 
plants with environmental and socioeconomic impacts are concentrated (Hoffmann and 
Broadhurst 2016, Schiffleithner and Essl 2016). The public and policy-makers more 
often perceive species as having negative impacts if socioeconomic sectors are affected. 
However, although the environmental and socioeconomic impacts were not correlated in 
our study, it is obvious that many species with impacts on economic sectors such as agri-
culture or forestry also negatively affect biodiversity and environment, for example Alhagi 
pseudalhagi. The same applies to competitive agricultural weeds, for example Amaranthus 
retroflexus (Costea et al. 2004, Vilà and Gimeno 2006), the management of which is of-
ten constrained by their increased herbicide resistance. Such assessment is needed to un-
derpin the pathway management (Wilson et al. 2016, Pergl et al. 2017, Saul et al. 2017).

Our study is the first systematic assessment of the impacts caused by alien plants 
in Turkey and represents complementary information to the recently compiled in-
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ventory of alien plants in this country (Uludağ et al. 2017). The data presented here 
should be included into the decision process to prioritize alien species to be targeted 
by management and have potential to provide local authorities with a knowledge-base 
for addressing the regional risks for individual socioeconomic sectors and biodiversity.
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