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ABSTRACT

Biological invasions are increasingly recognised as a major global change that erodes ecosystems, societal well-
being, and economies. However, comprehensive analyses of their economic ramifications are missing for most
national economies, despite rapidly escalating costs globally. Tiirkiye is highly vulnerable to biological invasions
owing to its extensive transport network and trade connections as well as its unique transcontinental position at
the interface of Europe and Asia. This study presents the first analysis of the reported economic costs caused by
biological invasions in Tiirkiye. The InvaCost database which compiles invasive non-native species’ monetary
costs was used, complemented with cost searches specific to Tiirkiye, to describe the spatial and taxonomic
attributes of costly invasive non-native species, the types of costs, and their temporal trends. The total economic
cost attributed to invasive non-native species in Tiirkiye (from 202 cost reporting documents) amounted to US$
4.1 billion from 1960 to 2022. However, cost data were only available for 87 out of 872 (10%) non-native species
known for Tiirkiye. Costs were biased towards a few hyper-costly non-native taxa, such as jellyfish, stink bugs,
and locusts. Among impacted sectors, agriculture bore the highest total cost, reaching US$ 2.85 billion, followed
by the fishery sector with a total cost of US$ 1.20 billion. Management (i.e., control and eradication) costs were,
against expectations, substantially higher than reported damage costs (US$ 2.89 billion vs. US$ 28.4 million).
Yearly costs incurred by non-native species rose exponentially over time, reaching US$ 504 million per year in
2020-2022 and are predicted to increase further in the next 10 years. A large deficit of cost records compared to
other countries was also shown, suggesting a larger monetary underestimate than is typically observed. These
findings underscore the need for improved cost recording as well as preventative management strategies to
reduce future post-invasion management costs and help inform decisions to manage the economic burdens posed
by invasive non-native species. These insights further emphasise the crucial role of standardised data in accu-
rately estimating the costs associated with invasive non-native species for prioritisation and communication

purposes.

1. Introduction

Biological invasions are a widespread ecological phenomenon that
has garnered increasing attention due to their potential to disrupt eco-
systems and economies on a global scale (Hulme et al., 2008; Simberloff
etal., 2013; Sutcliffe et al., 2018; Hudgins et al., 2023; Soto et al., 2024).
These invasions, fuelled by human activities such as trade and travel
(Anderson et al., 2014; Essl et al., 2015), often result in ecological dis-
ruptions and socio-economic challenges (Pranovi et al., 2006; Bacher
et al., 2018). While extensive research has documented the ecological
consequences of these invasions (Ricciardi et al., 2013; Lima et al.,
2018), understandings of their monetary impacts remain a critical yet
underexplored aspect that requires comprehensive assessment at the
scale of national economies where decision-making occurs (Aukema
et al., 2011; Turbelin et al., 2023).

Understanding the economic consequences of biological invasions is
essential (Cuthbert et al., 2021a), especially for making informed policy
decisions and implementing effective management strategies with
monitoring (Wilson et al., 2018), risk and prioritisation analyses (Brunel
et al., 2010) as well as horizon scanning (Peyton et al., 2020). Globally,
monetary impacts from biological invasions have been estimated to
reach staggering figures, with assessments indicating a minimum of US$
1.28 trillion (2017 US dollars) over the past few decades (1970-2017)
(Diagne et al., 2021). On a continental scale, Europe, North America,
and Africa have each incurred substantial economic burdens — US$ 4.7
billion (2017 value), US$ 1.26 trillion (between 1960 and 2017), and US
$ 78.9 billion (between 1970 and 2020) in monetary damages and los-
ses, respectively (Crystal-Ornelas et al., 2021; Diagne et al., 2021; Henry
et al., 2023). Closer examination of individual countries further reveals
the magnitude of these costs: for example, the United States has so far
faced US$ 1.22 trillion (between 1960 and 1920) (Fantle-Lepczyk et al.,
2022) from a broad variety of taxa (Warziniack et al., 2021). France has
incurred up to US$ 11.50 billion since 1993 (Renault et al., 2021), the
UK with US$ 17.6 billion since 1976 (Cuthbert et al., 2021b), and Japan
with US$ 725 million (between 1965 and 2017) (Watari et al., 2021).
Invasion and impact risks also differ between origin and recipient
countries, according to factors such as trade relationships and shared
environments which are subject to change with environmental and
socio-political contexts (Countryman et al., 2018; Yazlik et al., 2018;
Hudgins et al., 2023). Aside from these cases, however, the majority of

countries are yet to undergo comprehensive economic cost assessments
of biological invasions (Ahmed et al., 2023).

Tiirkiye is a country that stands out as a unique case in biological
invasions, due to its historical and geopolitical position bridging the
European and Asian continents, while also having strong trade re-
lationships with numerous countries globally. This unique positioning
places Tiirkiye at the convergence of three of the world’s 36 biodiversity
hotspots (Caucasus, Irano-Anatolian, and Mediterranean basin hot-
spots), which host many endemic species (Kahraman et al., 2012).
Moreover, Tiirkiye’s geography, climate, and terrain create a suitable
environment for invasive species to take hold and propagate across the
area (Sekercioglu et al., 2011). With its pivotal location at the inter-
section of three continents, Tiirkiye has historically served as a vital
centre for trade, migration, and cultural interchange over centuries
(Siddiq, 2016). However, while promoting economic activity and cul-
tural diversity, this role also designates Tiirkiye as a significant conduit
for the entry and proliferation of invasive species from various origins
(Uludag et al., 2017). Moreover, Tiirkiye’s substantial urbanisation and
intensified agricultural practices heighten the risk of non-native species’
introduction and their spread through human disturbances (Coban et al.,
2021). The intricacies of Tiirkiye’s trade, encompassing both imports
and exports (Parlar-Dal and Dipama, 2020), also contribute to its
vulnerability to biological invasions (Emiroglu et al., 2020; Aksu et al.,
2021); meanwhile, several intentional introductions (e.g. common carp
Cyprinus carpio, striped catfish Pangasianodon hypophthalmus). were due
to the perceived economic benefit to locals paired with the often fast and
easy cultivation of non-native species (Tarkan et al., 2015, 2020).
Although the number of non-native species differs according to the
source (see for instance GRIIS (Pagad et al., 2018): 968 vs. the Global
Alien First Record Database (Seebens et al., 2017): 493), the majority of
non-native species in Tiirkiye according to the Global Alien First Record
Database (Seebens et al., 2017) are molluscs with 107 reported species,
followed by fishes (n = 96), algae (n = 90), crustaceans (n = 74), and
vertebrates (n = 63), while other groups such as insects, birds or plants
were each represented by less than 50 species (Fig. 1). While there are
likely more species in Tiirkiye considering that e.g. the Global Natural-
ized Alien Flora database GloNAF (van Kleunen et al., 2019) lists 340
non-native plants for Tiirkiye, there are also some highly well-known
invasive species, such as gibel carp Carassius gibelio (Tarkan et al.,
2012) and the warty comb jelly Mnemiopsis leidyi (Shiganova et al.,
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2019), which have also been proven to be the most costly. However,
certain others, like the pond slider turtle Trachemys scripta, although not
considered costly, have been extensively documented for their wide-
spread occurrence and successful breeding in the wild (Yakin et al.,
2023). These, however, lack comprehensive impact or cost assessments,
as well as assessments pertaining to their invasiveness (Yogurtcuoglu
et al., 2021). Previous studies on groups of invasive species’ impacts in
Tiirkiye were disparate or had terminological shortcomings, such as
studies on weed control which did not separate native and non-native
species according to invasion status, despite many important weeds in
such studies being non-natives (Erturk et al., 2012). With its diverse
ecosystems and dynamic economy (Kaya and Raynal, 2001; Pata and
Balsalobre-Lorente, 2022), but also the fact that the reported number of
non-native and invasive species has been steadily rising (Kaya, 2020;
Kirankaya and Ekmekci, 2021), economic impact assessments are ur-
gently needed in Tiirkiye.

Here, the InvaCost database, a recently compiled and extensive
resource documenting the economic costs of biological invasions
(Diagne et al., 2020), is used to quantify the economic burden that
invasive non-native species impose on Tiirkiye’s economy across taxo-
nomic, typological, and temporal scales. By shedding light on the costs
associated with biological invasions across environmental and economic
contexts, valuable insights for policymakers and managers are provided,
aiming to empower them to make informed decisions and design
effective strategies to mitigate the economic challenges posed by inva-
sive species in Tiirkiye.

2. Material and methods
2.1. Data collection

To quantify the monetary cost of biological invasions in Tiirkiye, the
latest version of the InvaCost database (v.4.1) is used, which is the most
comprehensive database of the economic costs of invasive species
worldwide  (https://doi.org/10.6084,/m9.figshare.12668570).  The
InvaCost database aggregates data from series of literature searches in
the Web of Science (webofknowledge.com), Google Scholar (scholar.goog
le.com), and the Google search engine (google.com) and opportunistic
targeted searches (i.e. expert consultations for which data gaps were
identified, (see Diagne et al., 2020). Additionally, each cost data entry is
categorised with 65 bibliographical, taxonomic, temporal, geographical,
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and typological descriptors detailing variables such as the type of costs
(e.g., damage or management), sectors affected, or the taxonomy of the
invasive species (Diagne et al., 2020).

InvaCost is regularly updated through the incorporation of new data
or cost descriptors and checking for potential errors (e.g., duplicate
entries). To control for inflation and enable direct comparison among
cost entries, each row of data is standardised to a common currency (US
$) and a specific year (2017). Given the significance of non-English
languages, InvaCost aggregates information from over 20 languages
(Angulo et al., 2021b). This was advanced further, following the same
approach detailed by Angulo et al. (2021b), by gathering additional cost
data in the Turkish language. This approach involved thoroughly
exploring governmental agencies’ websites, particularly within minis-
tries responsible for invasive species management, such as the Turkish
Ministry of Environment, Urbanization, and Climate Change. Further-
more, environmental managers were contacted by sending e-mail in-
quiries and administrative forms to request economic data pertaining to
the costs associated with invasive species. Lastly, data from municipal
authorities in major cities, including istanbul, Ankara, izmir, Trabzon,
and Rize, were acquired and reviewed for available information,
alongside through contact with city officials who could provide further
contact details of environmental managers.

We filtered InvaCost to include only entries from Tiirkiye (Turkey) in
the “Official_country” column. Prior to analysing these data, the dataset
was refined to retain only entries with complete temporal information.
Cost entries prior to 1960 were also removed due to the inability to
correct for inflation.

In order to obtain comparable invasion costs, all costs considered for
a period of less than one year were deemed as annual costs. To annualise
the data costs spanning several years, costs expanding over several years
were divided equally among the years of the respective study period.
This was done using the expandYearlyCosts function of the InvaCost R
package version 0.3-4 (Leroy et al., 2022). This function divides the
total cost estimated by the respective duration of the cost entry. For
example, an estimate of $1000 over ten years would be transformed into
ten cost entries with a cost of $100 per year. After filtering and refine-
ment of the database, 278 entries were retained (1656 after the afore-
mentioned temporal expansion) for Tiirkiye for the purpose of the
analyses that were described by several descriptors (Supplementary note

1.
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Number of non-native species
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=

Fig. 1. Breakdown of reported non-native species in Tiirkiye across various life forms according to Seebens et al. (2017).
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2.2. Temporal dynamics

Firstly, the average cost for each decade in the period of the study
(1960-2022) was estimated using the summarizeCosts function imple-
mented in the invacost R package (Leroy et al., 2022). Secondly, tem-
poral modelling forecasted future costs. Due to the significant effect of
outliers that can distort statistical analyses and violate model assump-
tions in the study of temporal dynamics, “extreme” cost entries were
identified as any cost value exceeding the third quartile +1.5 times the
interquartile range annually (Cuthbert et al., 2021a). Accordingly, 164
cost entries were identified as outliers and subsequently removed. The
final dataset used for this analysis contained 1492 cost entries.

We then identified the temporal dynamics of the monetary impacts
in Tiirkiye caused by biological invasions. For this, the data were
restricted to the period 1990-2022, excluding all years prior to 1990 as
these were repeated measures (Henry et al., 2023). The annual total of
this subset over time (using the ‘Impact_year’ column of each cost entry
as the year of occurrence) was modelled using linear and quadratic
robust regressions via the Imrob function of the robustbase R package
(Maechler et al., 2022), with maximum iterations set to n = 1000 to
optimize the balance between computational efficiency and the preci-
sion of results.

Ultimately, to project the temporal dynamics of the monetary im-
pacts until 2030, the highly reliable and observed data subset was used
(Diagne et al., 2020; Henry et al., 2023). Outliers were excluded as
before. To project the direction costs invasive species may incur in
Tiirkiye in the future based on currently available information, we then
modelled the annual total of this subset over time using the 'Impact_-
year’ of each cost entry as the year of occurrence using both linear and
quadratic robust regressions on the highly reliable, observed data. For
this, we used the Imrob function, with maximum iterations set to n =
1000. This model was selected because of its resilience against data
outliers and its capability to yield reliable estimations, even in the
presence of non-normative data points. Overall, the trend in total costs
until 2030 was projected, by using the predict function in the forecast R
package (Hyndman et al., 2023), which calculated the expected costs
and their confidence intervals based on the robust linear regression
model.

3. Results

All 1656 entries between 1960 and 2022 were observed costs (the
ones incurred already), totalling US$ 4.1 billion (Fig. S1). Of these, the

Environment Type

[ Terrestrial 70.5% (2.89 billion $)

[l Aquatic 29.4% (1.21 billion $)

[l semi-Aquatic 0.001% (0.005 billion $)
—.Unspeciﬁed 0.0001% (0.0004 billion $)

Type of Cost

. Management 70.4% (2.89 billion $)

B Mixed 28.9% (1.19 billion $)

[ Damage 0.69% (0.02 billion $)
—_Unspcciﬁcd 0.0008% (0.00003 billion $)
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vast majority (1583 entries; US$ 4.08 billion, 99.4%) were considered
highly reliable (Fig. S1). These costs were incurred by 87 species from 57
families, encompassing costs from the aquatic (US$ 1.21 billion;
29.37%), semi-aquatic (US$ 5 million; 0.001%), and terrestrial realms
(US$ 2.89 billion; 70.48%), with the remainder being diverse/unspeci-
fied (US$ 0.4 million; 0.0001%) (Fig. 2) (<1%).

Among the top ten species with reported costs, the warty comb jelly
Mnemiopsis leidyi had the highest reported impacts at US$ 1.18 billion (n
= 2 entries), followed by the brown marmorated stink bug Halyomorpha
halys (US$ 0.94 billion; n = 10 entries) and desert locust Schistocerca
gregaria, which incurred US$ 40.2 million (n = 54 entries). Therefore,
the costliest species were not those with the most entries. The costs
incurred by these three non-native species were found to be the costliest
(52.86% of the overall cost) and these costs mostly affected the fishery
(M. leidyi) and agriculture (H. halys and S. gregaria) sectors.

All other species, including the gibel carp Carassius gibelio, the silver-
cheeked toadfish Lagocephalus sceleratus, the bur cucumber Sicyos
angulatus, mosquitoes from the genus Aedes sp., the nutria Myocastor
coypus, and the citrus longhorned beetle Anoplophora chinensis, incurred
costs below US$ 10 million (<1%). The 290 entries classified as
"diverse/unspecified" for species had the highest total cost of US$ 1.88
billion (Table 1). Aside from M. leidyi, which incurred costs classified as
mixed type, the majority of costs inferred by the other costliest species
were classified as management or damage costs (Fig. 3). In terms of
damage costs, the costliest species were C. gibelio, (US$ 8 million, n =
707), followed by L. sceleratus (US$ 8 million, n = 2), and S. angulatus,
(US$ 6 million, n = 1). M. coypus, caused an economic burden of US$ 4.8
million (n = 1) and lastly, Rhopilema nomadica with US$ 0.2 million (n =
6). For management costs, the costliest species were H. halys with US$
0.95 billion (n = 2), followed by S. gregaria, (US$ 40 million, n = 54), the
genera Aedes (US$ 60 million n = 7) and Eurygaster (US$ 4 million, n =
1), and finally A. chinensis (US$ 3 million n = 7). The remaining (16)
species belonging to both Animalia and Plantae accounted for ~0.01
billion in costs (0.32%) (Fig. S2).

Regarding types of costs associated with biological invasions, man-
agement costs were the highest at US$ 2.89 billion (n = 542 entries). Of
these, costs were mostly split into post-invasion management (US$ 1.93
billion, n = 131, 66.73%) followed by knowledge/funding (US$ 0.96
billion, n = 407, 33.26%) and lastly mixed costs with less than US$ 0.01
billion (n = 4, <0.01%). Mixed costs (damage + management) followed
with US$ 1.19 billion (n = 263 entries), while damage costs totalled US$
28.4 million (n = 841 entries). Unspecified costs were notably low, at US
$ 33,400 (n = 9 entries). Among the relevant sectors impacted by

Impacted Sector

[ Agriculture 69.5% (2.85 billion $)

[ Fishery 29.3% (1.20 billion $)

D Public and social welfare 0.75% (0.03 billion $)
|:| Health 0.25% (0.01 billion $)
—[]Environmem 0.13% (0.005 billion $)
L[] Forestry <0.01% (0.00003 billion $)

Fig. 2. Distributions of the economic costs caused by biological invasions in Tiirkiye, based on available information found in InvaCost v.4.1, categorised by

environment type, type of cost, and impacted sector.
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Table 1

Top ten costliest species in Tiirkiye, their costs, number of database entries,
percentage contribution of the total, and main sector impacted by each invasive
species. Presented information is based on available data for Tiirkiye found in
InvaCost v.4.1.

Family/Species Total cost n Percentage Main sector
(in US$ (number of total impacted
billion) of

entries)

Diverse/Unspecified 1.88 290 459 Agriculture

Bolinopsidae/ 1.18 2 288 Fishery
Mnemiopsis leidyi

Pentatomidae/ 0.947 10 23.1 Agriculture
Halyomorpha halys

Acrididae/ 0.0402 54  0.979 Agriculture
Schistocerca
gregaria

Cyprinidae/ 0.00942 742 0.229 Fishery
Carassius gibelio

Tetraodontidae/ 0.00871 8 0212 Fishery
Lagocephalus
sceleratus

Cucurbitaceae/ 0.00645 6 0.157 Agriculture
Sicyos angulatus

Culicidae/Aedes sp. 0.00614 7  0.150 Public and

Social
Welfare

Myocastoridae/ 0.00517 6 0126 Agriculture
Mpyocastor coypus

Soutelleridae/ 0.00501 12 0.122 Agriculture
Anoplophora
chinensis

biological invasions, agriculture bore the highest total cost, amounting
to US$ 2.85 billion (n = 512 entries). Impacts on the fishery sector
followed, with a total cost of US$ 1.20 billion (n = 835 entries). Public
and Social Welfare incurred a cost of US$ 31.1 million (n = 42 entries),
while both the Health and Environment sectors had considerably lower
costs with US$ 10.6 million (n = 20 entries) and US$ 5.40 million (n =
233 entries), respectively. Forestry incurred the smallest amount (US$
30,600; n = 14 entries).

Decadal costs of biological invasions in Tiirkiye increased rapidly
after the 1990s, increasing to on average US$ 120.34 million per year
(between 2000 and 2009 and totalling US$ 1.2 billion in the period) and
US$ 135.18 million per year (between 2010 and 2019 and US$ 1.35

a)

Type of costs
1000000000 E
E Damage
100000000 E ~ Management
F M oy Mixed
10000000 E Ao
>
2 1000000
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3 3
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g £
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1000 L—
100 !-
10 E
1 L U
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billion in the whole period) (Fig. 4a). Based on the available annual
totals, both extrapolation methods (i.e., linear and quadratic) identified
an increase in the trajectory of annual costs observed between 1990 and
2022 (Fig. 4a), and up to 2030, totalling almost US$ 359 million (linear)
and US$ 503 million (quadratic) (Fig. 4b).

4. Discussion

We report the first detailed national-scale invasive species’ cost
assessment for Tiirkiye, at US$ 4.1 billion between 1960 and 2022. This
accounts for approximately 0.45% of the country’s annual Gross Do-
mestic Product, which stood at US$ 905.5 billion in 2022. This impact
intensity is even more noteworthy when compared to annual expendi-
tures, such as 5% of GDP allocated to healthcare, 6.5% to agriculture,
and 3.5% to education. Moreover, these costs are expected to rise
massively (approximately nine times) in 2030.

The literature concerning the national costs of invasive species in
Tiirkiye is very scarce and primarily based on specific, small-scale cases
of a few highly costly species, such as the silver-cheeked toadfish (Unal
et al., 2015) and the warty comb jelly (Ozdemir and Ceylan, 2007). This
cost data scarcity further highlights a lack of coordinated national efforts
to gather cost related information. The data for Tiirkiye spanning 278
entries revealed that others, such as Spain (2384 entries, Angulo et al.,
2021a), France (595 entries, Renault et al., 2021), and the UK (353
entries, Cuthbert et al., 2021b), had compiled comparably more
research and/or had greater cost reporting capacities, while probably
not as many more invasive species.

The Global Register of Introduced and Invasive Species (Uludag
et al., 2020) for Tiirkiye currently lists 872 introduced and invasive
non-native species, but only for 87 species an economic impact was
recorded (9.98%) with this study. These numbers highlight a significant
discrepancy between the species present and the sources reporting their
economic costs. Notably, invasive species in Tiirkiye are reportedly
costlier than other regions, such as Japan (Watari et al., 2021). Similar
patterns nevertheless emerge when examining regional studies within
the InvaCost database. These studies consistently reveal that the number
of species with recorded costs constitutes only a small fraction of the
total known non-native species. For instance, cost evaluations were
absent for over 90% of invasive species in the UK (Cuthbert et al.,
2021b), 97% of invasive species in France (Renault et al., 2021), and
96% of all invasive species in both Asia (Liu et al., 2021) and Argentina
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Fig. 3. Total economic costs (log scale) of biological invasions in Tiirkiye (a) across species and type of costs and (b) families, filled according to types of costs for the
top ten categories. Presented information is based on available data for Tiirkiye found in InvaCost v.4.1.
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after the removal of outliers.

(Duboscg-Carra et al., 2021). In Australia, where an estimated 2700
non-native plant species are established, recorded costs existed for only
about 1% of these plant species (Bradshaw et al., 2021). Conversely,
research efforts in other regions appear to be more extensive, with costs
documented for approximately 50% of all invasive species in North
America (Crystal-Ornelas et al., 2021). This suggests that these knowl-
edge gaps are not uniformly low across countries with greater research
capacities or reporting efforts. While not all invasive species have direct
monetary costs, the gaps both for entire species and within currently
reported species suggest that, in reality, costs may be several orders of
magnitude higher than reported here. Some invasive species may indeed
have relatively benign impacts or be characterised by indirect effects
that are challenging to monetize. In certain cases, they might even be
associated with economic benefits alongside their negative impacts
(Haubrock et al., 2021a; Kourantidou et al., 2022), often yielding an
equivocal message regarding their problematic effects.

Across Europe, research has shown that invasion costs, encompass-
ing both management and damage, tend to correlate positively with
parameters such as the size of the human population, geographical area,
and the level of tourism activity (Haubrock et al., 2021a). Considering
Tiirkiye’s substantial population of 85 million and its allocation of
approximately 1.5% of GDP to research and development, it becomes
evident that the national representation of invasion costs may be inad-
equate due to a deficit in cost reportings (Haubrock et al., 2021a). This
suggests the pressing need for improved scientific infrastructure to
facilitate the reporting and tracking of invasion costs in Tiirkiye, espe-
cially in light of predictions indicating that biological invasions are
likely to substantially increase in the coming decades across various
habitat types and geographic regions (Seebens et al., 2021).

When considering the high fraction of observed costs, it becomes
evident that aquatic invasive species and agriculturally relevant invasive
species (i.e. pests) caused the most recorded impacts, followed by a
diverse array of invertebrates and other taxonomic groups. A substantial
portion, albeit not the majority, of the reported costs falls under the
’Diverse/Unspecified’ category. These costs were primarily attributed to
post-invasion management efforts involving multiple or unspecified

species. In this category, many municipalities across Tiirkiye employ
control measures such as spraying common invasive species such as
mosquitoes. The major contributors to observed costs were however
isolated studies reporting expenses that could arise during the potential

spread of specific species. For instance, the warty comb jelly M. leidyi, an
aquatic invader suspected of causing substantial ecological damage
during its widespread invasion of the Black Sea in the past (Knowler,
2005; Ozdemir and Ceylan, 2007; Shiganova et al., 2019), and the
brown marmorated stink bug H. halys, a known agricultural pest present
in Tiirkiye (Ozdemir and Tuncer, 2021), were prominent.

While it is not surprising that fishery or agricultural impacts would

contribute significantly to costs, the fact that only a few studies (n =

115) address these costs in Tiirkiye underscores a deficiency in cost

reporting. In comparison, similar national studies conducted in

Argentina (Duboscq-Carra et al., 2021), Brazil (Adelino et al., 2021), the

UK (Cuthbert et al., 2021b), Australia (Bradshaw et al., 2021), and the

USA (Crystal-Ornelas et al., 2021) have consistently revealed a notable

dominance of reported agricultural costs over cost reporting studies for
other sectors. This discrepancy in cost reporting suggests that invasion
costs in Tiirkiye may be substantially underrepresented owing to the
disparity between known invasive species and those with reported costs.
A comparable case would be Singapore, where reported costs exist only
for two out of >100 known established invasive species (Haubrock et al.,
2021b), suggesting that the relatively low number of cost reports
recorded for non-native species in Tiirkiye may be attributed to a lack of
comprehensive data in this regard.

A striking illustration of data scarcity can be found in the case of the
desert locust, S. gregaria (Yildirim, 2014). In Tiirkiye, significant
post-management costs, totalling around 86 million Turkish Lira (TRY)
(equivalent to approximately 3.30 million 2017 US$), were incurred
from 1950 to 2013 due to locust outbreaks (www.tarimorman.gov.tr).
However, historical records reveal even more ancient occurrences of
these devastating plagues in Western Anatolia during the 1850s, 1860s,
1880s, and 1910s, inflicting financial and moral distress on the gov-
ernment, local authorities, and the populace (Gokmen, 2010). During
the First World War, this invasion of locust species was dubbed the "fifth
enemy of the Ottoman Empire’ affecting regions in West and South
Anatolia, as well as areas in Aleppo and Syria (Yildirim, 2014). To
combat these outbreaks, the government enacted stringent laws and
regulations in 1912, diverting considerable time and resources toward
the prevention and management of locust infestations. Following the
collapse of the Ottoman Empire and the establishment of the Turkish
Republic, the nation grappled with severe socio-economic challenges.
Despite these difficulties, Tiirkiye continued to allocate significant
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human and economic resources to combat the impacts of orthopteran
invasions, totalling approximately 4 million US dollars (not adjusted for
inflation) between the 1930s and 1980s (Balamir, 1973). However,
despite well-documented historical evidence of damage caused by or-
thopterans and both observed and potential impacts, there has been a
noticeable paucity of research into their invasion ecology and potential
distribution patterns (Kulessa et al., 2023). Numerous countries have
reported substantial economic losses resulting from locust species. For
example, the locust plague in West Africa from 2003 to 2005 caused an
estimated economic loss of US$ 2.5 billion in crop and livestock damage,
severely impacting local economies and leading to food shortages and
resource scarcity (Showler et al., 2022). Similarly, in 2019 and 2020, the
Moroccan locust migrated to Sardinia, where it devastated thousands of
hectares of agricultural land, resulting in significant economic losses for
farmers (Bauer et al., 2022).

Economic and recreational activities pertaining to aquatic systems,
such as angling (Cooke and Cowx, 2004), have long been associated with
aquatic invasive species introductions in Tiirkiye (Tarkan et al., 2015).
These species have gained a lot of attention that resulted in numerous
research activities. C. gibelio and L. sceleratus, a freshwater and a marine
fish species, respectively, are among the costliest invasive species in
Tiirkiye. The Turkish government allocates substantial annual budgets
for management efforts related to these two species. This includes
separate EU-based projects for each species, providing governmental
support for puffer fish catch by fishermen. This utilisation of these
species, however, contributes major economic gains that should be
considered in parallel with economic costs (Steffens and Winkel, 2002).

Concomitant to these and other anthropogenic activities, commu-
nities and the hydro-morphology of aquatic ecosystems have long been
transformed (Arlinghaus, 2005), while at the same time remaining
under the management of fishing associations. Even though fisheries
was the second most impacted sector in Tiirkiye, the costs were reported
for the coastal fisheries, and thus, there were no/few reported costs for
the inland fisheries. This lack of economic impact estimation, positive or
negative, of invasions into inland fisheries in Tiirkiye may thus result
from a lack of governmental regulations or public and scientific
perception. Another example of a costly invasive species in Tiirkiye is
the nutria Myocastor coypus, also known as the coypu, a large, herbiv-
orous, semiaquatic rodent. Interestingly, this species has invaded two
significant watersheds, one in the west and another in the east of Tiirkiye
(Pamukoglu and Tiirkoglu, 2021). Remarkably, there has been extensive
research and funding allocated to this species, including resources for
post-invasion management, suggesting that the actual economic costs of
this, but also other invasive species in Tiirkiye, whether unreported or
inadequately evaluated, are likely to be significantly higher than what is
reported here. For instance, despite the likely existence of substantial
costs associated with invasive species transmitting fish diseases in
Turkish aquaculture, these costs are often overlooked or inadequately
reported (Ercan et al., 2015). As a matter of fact, a similar situation also
applies to invasive non-native plant species, as one of Tiirkiye’s main
shortcomings highlighted in this study is measuring the socio-economic
costs of invasive non-native plants. For example, Robinia pseudoacacia
and Ailanthus altissima, which are among the most invasive non-native
plants in Tiirkiye (Yazlik and Ambarli, 2022), provide socio-economic
benefits through exploitation in the timber industry, as well as for
landscaping and erosion control in Tiirkiye (Vitkova et al., 2020; Yazlik
and Ambarli, 2022). The spread of these invasive species to different
habitats may cause problems that require management (i.e. controlled
and/or eradicated), which are costs that are not adequately represented
in InvaCost. For instance, instead of a special control cost for Ailanthus
altissima in agricultural habitats (Yazlik and Ambarli, 2022), a cost
expense (e.g. labour expense, herbicide) is calculated within the
framework of the control of all target weeds in the relevant habitat. This
highlights the need for a comprehensive and accurate assessment of the
economic impact of invasive species in different regions, considering all
relevant sectors, environments, and species.
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Management costs in Tiirkiye were found to be substantial, but less
reported than damages (in terms of cost entries in InvaCost). Manage-
ment costs in Tiirkiye were found to be substantial, but less reported
than damages (in terms of cost entries in InvaCost). This is similar to the
cost evaluation conducted for Spain (Angulo et al., 2021a), only two out
of 174 species incurred costs related to damage, suggesting that the
ability to report damages or management costs may differ across
countries. Certain damage costs are, however, frequently intertwined
with management costs, implying that there might be reporting issues
and gaps in the data. It is therefore crucial to recognize that the con-
spicuous absence of comprehensive cost quantifications on a national
scale can hinder decision-making for policymakers and stakeholders.
This deficiency results in a lack of economic justification for prioritising
actions to address invasive species. Investments in prevention and
control have the potential to mitigate the impacts and consequently
reduce the costs associated with invasive species (Cuthbert et al., 2022).
Many costly management reports were incurred post-invasion in this
study, with no information on pre-invasion (i.e. prevention) costs,
making it reasonable to assume that without sufficient future in-
vestments in control and prevention (i.e., within the "Management" cost
category), damage-related costs are likely to increase. Given the evident
scarcity of information regarding various known invasive species in
Tiirkiye, there is currently no governmental body actively responsible
for tracking and accounting for the costs associated with invasive spe-
cies. Despite the existence of specific departments dedicated solely to the
management of invasive species within some ministry branches, little to
no scientific effort has been focused on this issue on a national level. This
is remarkable considering the substantial research costs reported for
Tiirkiye (2.086 million Euros, http://teriasturk.org/), which is unique
among recent national cost assessments for invasive species (Crysta-
1-Ornelas et al., 2021; Diagne et al., 2021). The availability of cost es-
timates is anticipated to provide valuable support for such governmental
initiatives. Considering that costs remain undisclosed for numerous
species and affected sectors, it is plausible that the current reported cost
figures may be at least two orders of magnitude lower than the actual
economic impact.

5. Conclusions

The significant economic costs associated with biological invasions
in Tiirkiye should help to move the issue up the policy agenda and
inform decision-making at the national level. Most of the costs were
spent in post-invasion management, providing a compelling economic
incentive for taking measures to prevent and control the introduction
and spread of invasive species. Moreover, these staggering costs
affecting the Turkish economy underline the importance of conducting
invasive species screenings and impact assessments to inform national
deny lists (i.e. black lists) for non-native species. This is especially
important as the expenses related to pre-invasion biosecurity protocols
(i.e. border checks, surveillance) are generally significantly lower,
averaging at least one magnitude lower, than the costs of active man-
agement (Leung et al., 2002; Cuthbert et al., 2022). It is evident that
there are major knowledge gaps, as reflected in the limited number of
species with economic costs compared to the known number of invasive
species in Tiirkiye. Therefore, the sparsity of costs presented in this study
should be considered and filled further when planning prospective
prevention and surveillance efforts, while underlining how significant
the actual costs of all invasions could be. Additionally, the present study
underscores the necessity for national and regional authorities to
implement more structured reporting of costs, which would aid in
refining future management cost planifications (Diagne et al., 2020).
Future projections indicate urgent needs for increased national budgets
to effectively address the threat posed by alien species (Silva et al., 2014;
OECD, 2019), and for better-coordinated international actions and
policy changes, including risk assessments, monitoring, and rapid re-
sponses, which would lead to mitigation of the economic costs
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associated with invasive species.
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