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Abstract: 	 The study comprises the horizon scanning of the aquatic invasive and alien species (IAS) in the region 
of Lake Ohrid as a risk assessment area (RA). It included three already established species and their 
possibility of further spreading (Elodea canadensis, Physella acuta and Lepomis gibbosus) and three 
IAS present in the surroundings but not yet detected in the region of Lake Ohrid (Eichornia crassipes, 
Corbicula fluminea and Dikerogammarus villosus). The selection of the potential IAS for assessment 
has been done based on the following three criteria: an elevated level of invasiveness and impact on a 
global scale, presence in the geographical proximity (horizon countries) and climate similarity between 
the horizon area and the RA area. The latest available data point out the positive trend in the distribution 
of the established species, which, in the last 60 years since its introduction (such as E. canadensis), 
have increased their distribution along the whole littoral zone of the lake and coastal waters. With the 
application of Aquatic Species Invasiveness Screening Kit (AS-ISK), all the six species were assessed 
and their scores of invasiveness were calculated. The results from the screening indicate a high level of 
invasiveness and impact for all six species, whereby, the highest expected is the impact on the native 
biodiversity of the RA area. The fact that biodiversity, enhanced endemism and relic species give the Lake 
Ohrid a status of increased scientific importance, uniqueness and peculiarity, enacting management and 
eradication measures towards protection from the IAS is more than appealing and urgent.
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Introduction
The Global Assessment of the Intergovernmental 
Science – Policy Platform on Biodiversity and 
Ecosystem Services in 2019 identified invasive 
alien species (IAS) as those introduced by humans 
and otherwise into regions beyond their natural 

distributions. According to Seebens et al. (2017), 
the IAS are one of the five top direct drivers of 
biodiversity loss. Despite there being some cases 
where the impact of the IAS is neutralised through 
positive adaptations of the introduction, IAS are 
regarded as a hard threat to local ecosystems, 
wildlife, human health and overall wellbeing. Once 
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established, according to Booy et al. (2020), the 
eradication measures to be undertaken are always 
too expensive and may raise public health and ethical 
concerns due to the possible effects of the measures 
on the environment and human livelihoods (e.g., 
usage of chemical control or biocontrol agents for 
eradication purposes). 

The issue of IAS in the last few decades 
come to be a world problem and it has been 
spread throughout the Globe. Regardless of their 
development, all countries in the world have been 
affected by the IAS somehow. North Macedonia 
is not an exception (Trajanovski et al. 2020). 
Moreover, it is especially worrisome when the 
IAS are detected in or near protected areas that are 
characterised by endemic or endangered species 
they are safeguarding. Lake Ohrid, for instance, is 
a superlative natural phenomenon, providing refuge 
for numerous endemic and relict freshwater species 
of flora and fauna dating from the tertiary period 
(Albrecht et al. 2014). As a deep and ancient 
lake of tectonic origin, Lake Ohrid has existed 
continuously for around two and a half million 
years. Its oligotrophic waters conserve over two 
hundred endemic species of plants and animals, 
including algae, turbellarians, snails, crustaceans 
and 17 endemic species of fish, including two 
species of trout, as well as a rich birdlife (Albrecht 
& Wilke 2008). According to the same authors, this 
makes Lake Ohrid a freshwater ecosystem with the 
highest number of endemic species per unit squared. 
This uniqueness and richness of the flora and fauna, 
especially with endemic and relict forms, which 
have an almost uniform distribution throughout 
the lake ecosystem was one of the reasons why the 
region has been proclaimed a site of mixed natural 
and cultural values inscribed on the list of UNESCO 
in 1979/1980, and in 2019 the Albanian side has 
been included (Natural and Cultural Heritage 
of the Ohrid region 2022). Likewise, the area is 
included in the Transboundary Biosphere Reserve 
Ohrid-Prespa, established in 2014 (Ohrid-Prespa 
Transboundary Biosphere Reserve, Albania/
North Macedonia 2022). This additionally 
raises the importance of integral and long-term 
protection through cross-border conservation which 
is an essential step that should be undertaken in all 
regards, including the issue of IAS. 

The importance of the IAS issue has been also 
stressed by the Reactive Monitoring Mission of 
UNESCO (Decision of the Committee for the 
worlds heritage of UNESCO 41-COM 7B.34) in 
their report on the state of the natural and cultural 
heritage of the Ohrid region for 2020. It emphasised 

the problem with “invasive non-native species” 
as a serious problem that requires a systematic 
approach to monitoring and undertaking measures 
for controlling and mitigating the consequences of 
the possible presence of invasive species in the lake.

However, within the national framework, IAS 
extent and impact have not been extensively studied, 
especially not in the region of the Lake Ohrid. There 
are a few exceptions of implemented projects, which 
provide some information on the state of the IAS in 
the region. Likewise, there is a lack of legislation 
regarding the IAS on a national level and a lack of 
implementation of the existing laws, which would 
mitigate the possible negative effects of the IAS in 
the region or their introduction (Piria et al. 2021). 

This study comprises findings obtained during 
the implementation of the Project: “Follow up 
measures and activities towards effective invasive 
and non-native species management in the Natural 
and Cultural Heritage of the Ohrid Region”, which 
has been financed by UNESCO and is dealing 
with the current IAS detected in the Lake Ohrid. 
An important task of the project was to undertake 
horizon scanning of possible IAS that have been 
detected in the neighbouring countries and may 
occur in the Lake Ohrid region. Furthermore, it the 
frames of the project, we analysed the pathways and 
vectors of introduction of IAS to the Lake Ohrid 
area as a Risk Assessment (RA) area and provided 
conclusions and recommendations for measures that 
would decrease the risk of introduction. 

Materials and Methods
The information on the IAS, which are present in the 
region of the Lake Ohrid, has been collected based 
on literature data and published papers on records 
of the alien species in the area. Most of the results 
included in the analysis of this study were gener-
ated within the implementation of the research in the 
project for IAS funded by UNESCO from the 2018-
2019 Participation Programme. This project yielded 
valuable outputs, significantly contributing towards 
the foundations of comprehensive and long-term 
planning of activities involving all stakeholders rel-
evant to the successful management of IAS. In this 
project, all the IAS data from all previous research 
were combined and synthesised for the first time. A 
cross-section of the situation with the current IAS 
and their distribution as well as the threats associ-
ated with them was developed.

The potential invaders were selected based 
on the literature data about their presence in 
neighbouring countries and their biological and 
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ecological ability to establish in the region of Lake 
Ohrid due to favourable environmental conditions, 
climate aspects, etc. 

Horizon scanning has historically included 
extensive literature reviews to ascertain species 
of concern and (not always) some form of risk 
assessment. However, the importance of risk 
assessment tools is increasingly recognised as a 
component of approaches to identify potential IAS 
not already present within a region (Essl et al. 
2016). Risk assessment tools based on a specified 
set of criteria have been developed for several 
countries. Many of these are used to prioritise alien 
species already present according to their impact 
(Randall et al. 2008). In addition, their potential 
for identifying future IAS (not yet present) is also 
recognized (Roy et al. 2014, Peyton et al. 2020).

A way to predict and prevent the introduction 
of IAS is to study the invasiveness records of these 
species in different areas, especially in neighbouring 
areas. In this context, it is pivotal to assess their risk of 
entering new environments and not limiting surveys 
and monitoring efforts to specified geographical 
or national borders. However, in general, the first 
step for defining the risk level of an invasion of 
a species is to perform a risk assessment of the 
invaders. A risk assessment is generally carried out 
to (a) evaluate the likelihood of the introduction 
of invasive species in natural ecosystems, (b) gain 
insights into the main pathways and conveyances 
prior to the establishment to guide decisions on 
prevention measures, and (c) support decision-
making concerning allocation of resources for 
monitoring, control and/or eradication of established 
populations, including common actions between 
countries to mitigate impacts on the environment 
or human health. This has been done regarding the 
potential invaders of the Lake Ohrid region with 
the application of the Aquatic Species Invasiveness 
Screening Kit (AS-ISK). This approach was used in 
our study that aimed to identify potentially invasive, 
non-native aquatic species. It is based on Excel® 
using Visual Basic for Applications® (VBA) code 
from the original Weed Risk Assessment (WRA) 
toolkit (Pheloung et al. 1999). The AS-ISK tool is 
composed of forty-nine questions that examine the 
impact of an alien species from a biogeographical, 
biological and economic point of view. The 
combination of these three types of impact produces 
a Basic Risk Assessment (BRA) score. Further six 
questions ask the user to define the Climate Change 
Assessment (CCA) of the species, describing the 
potential effects of future climate change on the 
risk of the species’ introduction, establishment, 

dispersal and socio-economic impacts. Moreover, 
for each question, a brief guide with an explanation 
of its aim is provided. The final BRA and BRA + 
CCA scores vary from −20 to 68 and from −32 to 
80, respectively, and the combination of the BRA 
with the CCA scores gives the species the final level 
of invasiveness. AS-ISK scores higher than one 
indicate an IAS that may have a medium or elevated 
risk of invasiveness. On the contrary, species with 
scores lower than one are not considered to be 
invasive in the RA (Risk Assessment area). The 
boundaries between a medium and prominent level 
of invasiveness depend on the threshold value that 
is used. When using a small dataset, it is possible to 
borrow these values from other studies. In our case, 
we have used the values as proposed by Vilizzi et 
al. (2021).

Results 
The study comprises the horizon scanning of the 
aquatic IAS in the region of Lake Ohrid, including 
three already established species and their possibil-
ity of further development and three IAS present in 
the surroundings but not yet detected in the region 
of Lake Ohrid. Each of the established IAS belongs 
to a different systematic group: fish – Lepomis gib-
bosus Linnaeus, 1758, macroinvertebrate – Physella 
acuta Draparnaud, 1805 and macrophyte – Elodea 
canadensis Michx. The assessment has been under-
taken to check the possibility of their further spread-
ing under the present conditions, i.e., without any 
applied measures for their management and eradi-
cation. To assess the possibility of the IAS present 
in the region entering the RA area, three other IAS 
have been considered, also representing different 
systematic groups: amphipod – Dikerogammarus 
villosus Sowinsky, 1894 (killer shrimp), bivalve – 
Corbicula fluminea O. F. Müller, 1774 (Asian clam), 
and the macrophyte – Eichornia crassipes Mart. 
(water hyacinth). The selection of the potential IAS 
for assessment has been done based on the follow-
ing three criteria:

-	 Elevated level of invasiveness and impact 
(global scale).

-	 Presence in the geographical proximity.
-	 Climate similarity between the area of their 

presence (horizon countries) and the RA area.
Table 1 depicts the status of the established 

species in Lake Ohrid and its coastal waters. Based 
on the data available, all three established species 
(Trajanovski et al. 2013, 2015, 2019, Trajanovski 
2020) are on the National List of Invasive and Non-
native Species of North Macedonia (National 
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Biodiversity Strategy with Action Plan 2018). 
Elodea canadensis is the earliest introduced 

non-native species in Lake Ohrid. It has been 
introduced in 1957, either during the ornamental 
plant trading or with the fish stocking material 
(Kostoski et al. 2010). The latest available data 
(Trajanovski et al. 2019, Trajanovski 2020) 
point out the positive trend in the distribution of 
this species, which, in the last 60 years since its 
introduction, has increased its distribution along the 
whole littoral zone of the lake and coastal waters 
(Trajnovski 2022, unpublished). 

Physella acuta is an invasive snail that was 
recorded in Lake Ohrid for the first time in 2009. The 
possible pathways and vectors include an aquarium 
and ornamental plant trade (Albrecht et al. 2009). 
Since its introduction, this species, similarly to E. 
Canadensis, has spread from the initial two localities 
to eight, mostly in the northern part of Lake Ohrid 
and its tributaries (Trajanovski 2020). 

Lepomis gibbosus has been introduced in the 
second half of the 1990s, probably with the fish 
stocking material (Spirkovski et al. 2017). Although 
there are no precise data for its distribution, 
based on the latest findings (Spirkovski, personal 
communication), it has become a regular part of fish 
catch, especially in the northern part of the lake. 

As for the horizon species, none of them is on 
the national list of invasive and non-native species 
of North Macedonia (Table 2). Eichornia crassipes 
is both in List of Invasive Alien Species of Union 
concern (2020) and the IUCN List of 100 Most 
Invasive Species (Luque et al. 2014). This species 
has not been yet registered in any of the horizon 
countries (Albania, Bulgaria, Greece and Serbia). 
Italy is the closest country to the RA where this 
species started spreading intensely in the last few 
decades, being proclaimed as local invasive species 
due to its limited distribution in some places in Sicily 

and Sardinia only (Celesti-Grapow et al. 2009). 
The local impact of this species in Italy has not been 
performed yet but globally it has been found that due 
to its intensive reproduction and growing up to 60 
kg/m2 wet weight (Julien & Orapa 1999) can cause 
a high impact on the local biodiversity (Babu 2003, 
Wilson et al. 2005), economy (Center et al. 2005) 
and humans (National Geographic 2004). The 
main pathway for the introduction of this invasive 
plant includes horticultural suppliers for ornamental 
gardens or aquaria in both Italy and Europe (Brunel 
2010)

The Asian clam is not present only in Albania 
out of the four horizon countries. Earliest, it has been 
registered in Serbia, in 1998, in the Danube River 
(Paunovic et al. 2005). In Bulgaria, the species 
has been registered in 2001 in the Danube River, 
at three localities (Kenderov 2009). In Greece, the 
first record was in 2018 (Karaouzas et al. 2020) 
in the river Erythropotamos. The negative impact of 
this species in the horizon countries is not assessed 
yet but it is well known that the species spreading 
has been either with the ballast water or passively 
with the water currents (Karaouzas et al. 2020). 
The general impact of the Asian clam is well known 
and it is high on the aquatic biodiversity and the 
economy and high on human health (Sousa et al. 
2008a, 2008b).

The first records of Dikerogammarus villosus 
in Serbia date from 2001 where it has become the 
dominant amphipod along the Danube River (Zoric 
et al. 2020). In Bulgaria, the species has been 
first recorded in 2011, and then again in 2016 in a 
reservoir 30 km far from the Danube River (www.
esenias.org). The spread of D. villosus in the Danube 
River occurred by active movement and drift or 
because of ship transport (Paunovic et al. 2015). No 
impact assessment in the horizon countries has been 
done so far. However, in all the European aquatic 

Table 1. Established invasive alien species in Lake Ohrid area

Group, species name Common 
name

Distribution 
in RA

First 
record

Pathways 
and vectors Trend

Impact assessment 
in RA

B H E
Macrophytes

Elodea canadensis Michx., 1803 Canadian 
pondweed Y 1957 Ornamental 

trade Positive NA NA NA

Gastropods

Physella acuta Draparnaud, 1805 Bladder 
snail Y 2009 Ornamental 

trade Positive NA NA NA

Fish

Lepomis gibbosus L., 1758 Pumpkin 
seed Y ⁓1990 Stocking 

material Positive NA NA NA
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systems where it has become established, D. villosus 
has replaced both indigenous and exotic amphipod 
species (Kelleher et al. 1999, Dick & Platvoet 
2000, Whitfield 2000, Dick et al. 2002, Kley & 
Maier 2003), thus affecting the native biodiversity. 
Less is known about its impact on human health and 
the economy.

Thus, six species have been the subject of 
assessment to check the trend in the future distribution 
of the already established invasive species and to 
find the probability or invasive potential of three 
horizon species to get introduced and established 
in the RA. Pretty equivalent results for the assessed 
alien species were obtained using the BRA + CCA 
(Fig. 1). The scores varied in the range from 41 to 
61. Thus, according to the BRA and BRA+CCA 
thresholds for the freshwater species (Vilizzi et al. 
2021), all six species have been assessed as species 
with high invasiveness potential. 

The highest BRA and BRA+CCA score has 
been recorded for L. gibbosus and P. acuta, both 

already established in Lake Ohrid. This points 
us to the conclusion that these two species will 
successfully continue their invasion of RA under 
the current conditions without any IAS management 
measures. Lower are the scores for the other species 
but, however, as mentioned, they are all far above 
the invasiveness thresholds for the freshwater 
species. Out of the horizon species, C. fluminea has 
the highest invasive potential based on the BRA 
and BRA+BCC scores. As shown in the Fig. 1, 
the cumulative BRA+BCC score is highest for E. 
crassipes, although it is higher at all species for 10-
12 scores, indicating that climate change will have 
a positive influence and will further emphasise the 
species’ invasiveness.

Table 3 depicts the detailed analysis of the 
sector affected, score partition and the level of risk, 
given as BRA and BRA+CCA scoring. Regarding 
the commercial impact, the least score is obtained 
for C. fluminea, while the other scores vary within 
the values from sixteen for D. villosus to twenty-

Table 2. Potential invasive alien species for Lake Ohrid area

Group, species name Common 
name

Distribution 
in RA

Distribution in neighbouring 
countries/Year of introduction

Pathways 
and vec-

tors
Impact assessment

AL BG GR SRB Biod. Hum. Econ.
Macrophytes

Eichornia crassipes 
(Marts.) Solms

Common 
water 

hyacinth
N N N N N Ornamen-

tal trade High Med. High

Bivalves
Corbicula fluminea 
Muller, 1774

Asian 
clamp N N Y/2001 Y/2018 Y/1998 Ballast 

water High Med. High

Amphipods
Dikerogammarus vil-
losus Sowinsky, 1894

Killer 
shrimp N N Y/2001 N Y/2001 Migration / 

vessels High Low Low

Table 3. AS-ISK assessment of established and potential invasive alien species in Lake Ohrid area

Species

Sector affected Score partitions Level of risk Thresholds Risk
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 C
C

A

B
R

A

B
R

A
 +

 C
C

A

B
R

A

B
R

A
 +

 C
C

A

Elodea canadensis 21 12 25 27 21 10 43 53 24.5 12.5 High High
Eichornia crassipes 20 12 31 23 24 12 47 59 24.5 12.5 High High

Physella acuta 17 17 41 13 36 10 50 60 13.25 25.75 High High
Corbicula fluminea 12 17 31 15 29 12 44 56 13.25 25.75 High High

Dikerogammarus villosus 16 17 28 19 26 12 45 47 13.25 25.75 High High
Lepomis gibbosus 21 17 28 24 19 10 51 61 114.7 17.7 High High
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one for E. canadensis and L. gibbosus. As for the 
environmental impact, the species are grouped 
into two groups: species with lower impact (12 
scores) and species with higher impact (score 17). 
The highest is the impact on the species’ diversity, 
whereby three species are scored with the same value 
31 (E. crassipes, P. acuta and C. fluminea). The lower 
is the impact of the D. villosus and L. gibbosus, while 
the lowest expected impact on the native species will 
have E. canadensis with a score of 15. 

As for the score partition values, the higher 
are scores for Biology/Ecology than the scores for 
Biogeography/Historical. The highest score for the 
Biology/Ecology partition is obtained for P. acuta. 
The climate change score is similar for all assessed 
species, and it is in the boundaries from 10 to 12, 
indicating that climate change will doubtfully 
contribute towards increasing the species’ 
invasiveness.

As shown in Table 3, the threshold values are 
quite lower than the obtained values indicating the 
high invasiveness of all species, as stated in the last 
column of the table. 

Discussion
Invasive species have a particularly negative impact 
on freshwater ecosystems. Due to the nature of their 
habitat (surrounded by land), their native biota is 
characterised by high rates of endemism. As a result, 
freshwater biodiversity is particularly threatened by 
anthropogenic impacts like habitat alteration, pollu-
tion and overexploitation of the water resource. In 
this situation, intentionally or accidentally introduc-
ing non-native species can fill several vacant niches 

and accelerate the biological homogenization of 
these ecosystems (Paganelli 2021).

The identification of horizon species using a 
risk screening tool is a parsimonious undertaking 
(Parrott et al. 2009, Gallardo et al. 2016, Bayón 
& Vilà 2019) that is best achieved through a formal 
horizon scanning exercise (Roy et al. 2018). The 
results obtained by the application of AS-ISK as a 
tool for environmental risk assessment have clearly 
shown that all six assessed species have been 
characterised by high invasiveness, which makes 
their introduction, establishment and spreading 
highly probable to Lake Ohrid and its coastal waters. 

Out of the group of established species in 
the RA, two species have been scored with the 
highest BRA and BRA+CCA scores. These are L. 
gibbosus, which is enlisted in the species of EU 
concern, and Physella acuta, an invasive species 
from the National List of IAS. Although the score 
for Elodea canadensis in the RA is lower, it still 
points to the high invasiveness of this species. All 
three species have increased their distribution range, 
whereby, the earliest introduced Elodea canadensis, 
yet in low abundance, have managed to occupy the 
whole littoral (Imeri et al. 2013) and reach the south 
part of the lake, including the springs St. Naum 
(Trajanovski 2022, unpublished data). All three 
species are present in the northern part of the lake 
and along the tributaries, whereby their highest 
abundance is recorded in highly altered habitats, 
either in tributaries` mouths or bigger settlements 
(Trajanovski et al. 2015). 

Dikerogammarus villosus is a freshwater 
amphipod of Ponto-Caspian origin that has already 
colonised several freshwater ecosystems in Europe 

Fig. 1. Aquatic Species Invasiveness Screening Kit (AS-ISK) assessment of Lake Ohrid using Basic Risk Assessment 
(BRA) and Climate Change Assessment (CCA) scores for the established and horizon species.
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due to its high adaptability to environmental 
conditions (Rewics et al. 2015). Based on the results 
of BRA and BRA+BCC score, it is highly possible 
for this species to get introduced into Lake Ohrid. Its 
presence in the near geographical proximity and the 
similar hydrometeorological conditions between the 
RA and the horizon counties increase the probability 
of its introduction. Having in mind its predatory and 
aggressive behaviour (Haas et al. 2002, Grabowski 
et al. 2007), the impact of this species on the native 
and endemic amphipods that inhabit Lake Ohrid 
would be devastating. Based on the data of its 
rapid spreading across European waters from its 
appearance in the Danube delta (1989) reaching 
the Austro-German border by 1992 (Nesemann et 
al. 1995) and on its high invasiveness score, this 
species would be of special concern for the RA.

Eichornia crassipes is not present in the 
horizon yet. However, its ecophysiological 
characteristics followed by extreme biomass 
production and spreading by mostly vegetative 
reproduction (Julien & Orapa 1999) point to its 
high invasiveness potential (Table 3). The highest 
impact of this species is on the native biodiversity 
(score 31), which was also pointed out by many 
other authors (Babu 2003, Wilson et al. 2005). 
Although the species is not yet present in the horizon 
countries, by modelling in MAXENT regarding its 
future distribution, the southeastern parts of the 
Balkan Peninsula, including North Macedonia, 
have been assessed as an acute geographical area 
for the future invasion of E. crassipes (Cordeiro 
et al. 2020). This is closely related to the prognosis 
of the increasing average annual temperature in this 
region, which would beneficially affect the further 
introduction and spreading of this species. 

Corbicula fluminea has been already recorded 
in three out of the four horizon countries. The general 
impact of the Asian clam is well known and it is high 
on the aquatic biodiversity and the economy and 
high on human health (Sousa et al. 2008a, 2008b). 
In our assessment, the score for the impact on local 
diversity is 31 and it is significantly higher than the 
impact on the economy and environment. 

The main vectors for the introduction of all six 
species could be divided into two groups: intentional 
and accidental. In the group of intentional vectors of 
the invasive species are the aquarium and ornamental 
trade: the introduction of both established and 
one “horizon” species P. acuta, E. canadensis 
(Albrecht et al. 2009) and E. crassipes is related 
with this activity (Brunel 2010). The introduction 
of the third established species (L. gibbosus) is 
related to unintentional stocking material as well 

as intentional aquarium release (Spirkovski et al. 
2017). Accidental introductions such as transport 
with boats, ballast water and equipment are the most 
probable vectors of introduction for the D. villosus. 
However, it is well-known and documented that 
the active migration of this species along the water 
bodies in inland waters (Panov et al. 2009) is an 
important factor in the introduction of this species. 
Having in mind the connection of Lake Ohrid with 
Lake Skadar via the hydrographical connection by 
Drin River, this way of introduction could have 
consideration.

Based on the above-mentioned, it is evident 
that management of the IAS should be a high 
priority due to the vast effects these species have on 
the ecosystems and humans. However, short-term 
management is only dealing with the symptoms 
and problems caused by the species. The long-term 
management of IAS, on the other hand, is a loosely 
defined practice and its meaning and implications can 
be best understood by examining the objectives and 
interventions proposed in policies and strategies. At 
the global level, the UN Sustainable Development 
Goal 15, concerned with life on land (Division for 
Sustainable Development Goals, United Nations), 
states its target 15.8 to “reduce the impact of 
invasive alien species on land and water ecosystems 
and control or eradicate the priority species.” The 
indicator for the accomplishment of this target is the 
“proportion of countries adopting relevant national 
legislation and adequately resourcing the prevention 
or control of IAS.” This means that addressing IAS 
impacts is the objective, but progress is tracked 
through species-based population control. IAS 
population control is the ongoing suppression of 
IAS abundance or population size (Robertson et 
al. 2020). This includes control to maintain current 
abundance levels and to reduce the current IAS 
abundance (Mack et al. 2000, Kopf et al. 2017, 
Robertson et al. 2020). Transnational entities have 
created policies and strategies along the same lines. 
Long-term management policies and strategies 
to address IAS impacts should be based on the 
tenets of adaptive management and policymaking 
cycles (Conroy & Peterson 2013, Dunn 2017). 
From a policy and strategy perspective, deciding 
on interventions for the impact-based long-term 
management of IAS should be guided by six criteria: 
how widespread the IAS is; the time of residency 
of the IAS in the recipient region; the uncertainty 
about the impacts produced by the IAS; the range 
of interventions that are available and socially, 
economically, and technically feasible; the risks of 
potential negative and unintended consequences 
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of the proposed interventions (Kopf et al. 2017); 
and the capital and recurring costs and benefits 
associated with the impacts and interventions. 

Conclusions
Considering all the environmental challenges that 
freshwater ecosystems may encounter in the fu-
ture, biological invasions will surely be pervasive 
and highly diffused one, highly likely to increase 
in the next decades, aided also by climate change 
(Nunes et al. 2015). The AS-ISK screening results 
for the three established and three horizon species 
have shown a high level of invasiveness, hereafter, 
a high probability for these species to continue their 
spreading (for the established species) or get intro-
duced and start their invasion (for the horizon spe-
cies) in the RA area, without any management and 
eradication measures being enacted. Therefore, there 
is an urgent need for the implementation of efficient 
and realistic policy and management measures that 
minimise the likelihood of species entry through the 
main pathways of introduction especially in protect-
ed areas. However, as these main pathways are as-
sociated with strong economic activities that benefit 
millions worldwide, an inevitable conflict between 
economic interests and the need to control or halt the 
introduction of new IAS arises and should be con-
sidered when taking management and political deci-
sions (Gherardi et al. 2009, Gozlan et al. 2010, 
cited after Nunes et al. 2015). Since a clear policy 
for the prevention, containment and monitoring of 
invasive alien species is finally available in Europe, 
adequate measures tackling priority pathways and 
gateways of introductions in Europe are expected to 
be implemented soon across all EU countries includ-
ing the candidate ones, such as North Macedonia. 

Finally, we should keep in mind that the 
present state regarding the absence of any active 
IAS management in the RA area outcomes from 
low institutional and public awareness and a lack of 
basic knowledge about the IAS, the biodiversity of 
the region in general, and the importance of Lake 
Ohrid and the region as a UNESCO heritage. In 
order not to leave a burden on future generations but 
also to avoid the continuous remarks of the Reactive 
Mission in the future, or even more important, to 
preserve this unique ecosystem, it is necessary to 
implement school programs at the regional level, or 
even better, at the national level, a new curriculum 
or specific teaching chapter regarding the IAS, their 
impact and management policy towards protection 
of Lake Ohrid from the increasing and jeopardizing 
potential of the IAS.

References

Albrecht C. & Wilke T. 2009. Lake Ohrid: biodiversity and 
evolution. Hydrobiologia 615: 103–140. DOI: 10.1007/
s10750-008-9558-y. 

Albrecht C., Hauffe T., Schreiber K., Trajanovski S. & 
Wilke T. 2008. Mollusc biodiversity and endemism in 
the putative ancient lake Trichonis (Greece). Malacologia 
51: 357–375.

Babu R. M., Sajeena A. & Seetharaman K. 2003. Bioassay of 
the potentiality of Alternaria alternata (Fr.) Keissler as a 
bioherbicide to control water hyacinth and other aquatic 
weeds. Crop Protection 22: 1005–1013.

Bayón Á. & Vilà M. 2019. Dataset of Horizon scanning to iden-
tify invasion risk of ornamental plants marketed in Spain. 
Neobiota. Zenodo. http://doi.org/10.5281/zenodo.3367257.

Booy O., Robertson P. A., Moore N., Ward J., Roy H. E., 
Adriaens T., Shaw R., Van Valkenburg J., Wyn G., 
Bertolino S. & Blight O. 2020. Using structured eradi-
cation feasibility assessment to prioritize the management 
of new and emerging invasive alien species in Europe. 
Global Change Biology 26 (11): 6235–6250. DOI: 10.1111/
gcb.15280.

Brunel S., Branquart E., Fried G., Van Valkenburg J., 
Brundu G., Starfinger U., Buholzer S., Uludag A., 
Joseffson M. & Baker R. 2010. The EPPO prioritization 
process for invasive alien plants. EPPO Bulletin 40 (3): 
407-422.

Celesti‐Grapow L., Alessandrini A., Arrigoni P. V., Banfi 
E., Bernardo L., Bovio M., Brundu G., Cagiotti M. 
R., Camarda I., Carli E. & Conti F. 2009. Inventory of 
the non‐native flora of Italy. Plant Biosystems 143 (2): 
386–430. 

Center T. D., Van T. K., Dray Jr F. A., Franks S. J., Rebelo M. 
T., Pratt P. D. & Rayamajhi M.B. 2005. Herbivory alters 
competitive interactions between two invasive aquatic 
plants. Biological Control 33(2): 173–185.

Conroy M. J. & Peterson J. T. 2013. Decision making in 
natural resource management: A structured, adaptive ap-
proach. Wiley.

Cordeiro P., Goulart F., Macedo D., Campos M. & Castro S. 
2020. Modeling of the potential distribution of Eichhornia 
crassipes on a global scale: risks and threats to water eco-
systems. Ambiente e Agua – An Interdisciplinary Journal 
of Applied Science 15:1. DOI: 10.4136/ambi-agua.2421.

Dick J. T. A. & Platvoet D. 2000. Invading predatory crustacean 
Dikerogammarus villosus eliminates both native and exotic 
species. Proceedings of the Royal Society of London B 
267: 977–983. DOI:10.1098/rspb.2000.1099

Dick J. T. A., Platvoet D. & Kelly D. W. 2002. Predatory im-
pact of the freshwater invader Dikerogammarus villosus 
(Crustacea: Amphipoda). Canadian Journal of Fisheries 
and Aquatic Sciences 59: 1078–1084.

Dunn W. N. 2017. Public Policy Analysis: An integrated Ap-
proach. Routledge. 

Essl F., Hulme P. E., Jeschke J. M., Keller R., Pyšek P., Rich-
ardson D. M., Saul W. C., Bacher S., Dullinger S., 
Estévez R. A. & Kueffer C. 2016. Scientific and norma-
tive foundations for the valuation of alien-species impacts: 
thirteen core principles. AIBS Bulletin 67 (2): 166–178. 

Gallardo B., Zieritz A., Adriaens T., Bellard C., Boets P., 
Britton R., Newman J., van Valkenburg J. & Aldridge 



Aquatic Invasive Alien Species in Lake Ohrid: Horizon Scanning and Assessment with Aquatic Species...

111

D. 2016. Trans-national horizon scanning for invasive non-
native species: a case study in western Europe. Biological 
Invasions. DOI: 18. 10.1007/s10530-015-0986-0.

Gherardi F., Gollasch S., Minchin D., Olenin S. & Panov V. 
E. 2009. Alien invertebrates and fish in European inland 
waters. In: Handbook of Alien Species in Europe. Invading 
Nature – Springer Series in Invasion Ecology, Vol. 3: pp. 
81–92, http://dx.doi.org/10.1007/978-1-4020-8280-1_6.

Gozlan R. E., Britton J. R., Cowx I. & Copp G. H. 2010. 
Current knowledge on non-native freshwater fish introduc-
tions. Journal of Fish Biology 76: 751–786. http://dx.doi.
org/10.1111/j.1095-8649.2010. 02566.x.

Grabowski M., Bacela K. & Konopacka A. 2007. How to 
be an invasive gammarid (Amphipoda: Gammaroidea) 
– comparison of life history traits. Hydrobiologia 590: 
75–84. [Invasive Crustacea, Symposium 7 at The Sixth 
International Crustacean Congress (ICC6), Glasgow, 
UK, 18-22 July 2005]. http://springerlink.metapress.com/
content/1573-5117.

Haas G., Brunke M. & Strei B. 2002. Fast turnover in dominance 
of exotic species in the Rhine River determines biodiversity 
and ecosystem function: an affair between amphipods and 
mussels. In: Leppakoski E. et al. (Eds.) Invasive aquatic 
species of Europe: distribution, impacts and management. 
Dordrecht: Kluwer Academic Publishers, pp. 426-432.

Imeri A. 2013. Elodea canadensis as an invasive species in Lake 
Ohrid. In: Proceedings of the 3rd International Conference 
of Ecosystems (ICE2013), Tirana, pp. 521–526.

Julien M. H. & Orapa W. 1999. Successful biological control 
of water hyacinth (Eichhornia crassipes) in Papua New 
Guinea by the weevils Neochetina bruchi and Neochetina 
eichhorniae (Coleoptera: Curculionidae). In: Spencer N. 
R. (Ed.), Proceedings of the X International Symposium 
on Biological Control of Weeds. Montana State University, 
Bozeman, Montana, USA, 1027 p.

Karaouzas I., Kapetanaki N., Mentzafou A., Kanellopoulos 
T. D. & Skoulikidis N. 2020. Heavy metal contamination 
status in Greek surface waters. A review with application 
and evaluation of pollution indices. Chemosphere 128192. 
doi:10.1016/j.chemosphere.2020.128192

Kelleher B., van der Velde G., Giller P. S. & Bij de Vaate 
A. 1999. Dominant role of exotic mass invaders in the diet 
of important fish species of the River Lower Rhine, The 
Netherlands. Crustacean Issues (The biodiversity crisis and 
Crustacea: Proc. 4th Int. Crustacean Congress, Amsterdam) 
12 (2): 35–46.

Kenderov L. A. 2017. An invader along with an invader: an un-
usual record of a zebra mussel Dreissena polymorpha (Pal-
las, 1771) (Bivalvia) living phoretically on a killer shrimp 
Dikerogammarus villosus (Sowinsky, 1894) (Amphipoda). 
Acta Zoologica Bulgarica, Supplement 9: 287–291.

Kley A. & Maier G. 2003. Life history characteristics of the 
invasive freshwater gammarids Dikerogammarus villosus 
and Echinogammarus ischnus in the river Main and the 
Main – Donau canal. Archiv für Hydrobiologie 156 (4): 
457–469.

Kopf R. K., Nimmo D. G., Humphries P., Baumgartner L. J., 
Bode M., Bond N. R., Byrom A. E., Cucherousset J., 
Keller R. P. & King A. J. 2017. Confronting the risks of 
large-scale invasive species control. Nature Ecology and 
Evolution 1: 0172.

Kostoski G., Albrecht C., Trajanovski S. & Wilke T. 2010. 

A freshwater biodiversity hotspot under pressure – as-
sessing threats and identifying conservation needs for 
ancient Lake Ohrid. Biogeosciences Discussions 7 (4): 
5347–5382. https://doi.org/10.5194/bgd-7-5347-2010.

List of Invasive Alien Species of Union concern. 2020. 
Publication of the European Commission. https://circabc.
europa.eu/sd/a/ad1b5f78-26b3-41fd-b413-169e420a980d/
Invasive-Alien-Species-of-Union-Concern-2020.pdf

Luque G. M., Bellard C., Bertelsmeier C., Bonnaud E., 
Genovesi P., Simberloff D. & Courchamp F. 2014. The 
100th of the world’s worst invasive alien species. Biologi-
cal Invasions 16: 981–985.

Mack R. N., Simberloff D., Lonsdale W. M., Evans H., Clout 
M. & Bazzaz F. A. 2000. Biotic invasions: causes, epi-
demiology, global consequences, and control. Ecological 
Applications 10 (3): 689–710.

National Biodiversity Strategy and Action Plan for the 
Period 2018–2023. 2018. Ministry of Environment and 
Physical Planning of North Macedonia.

Natural and Cultural Heritage of the Ohrid Region [on-
line]. 2022. UNESCO World Heritage Centre. [Accessed 
7 November 2022]. https://whc.unesco.org/en/list/99/.

Nesemann H., Pöckl M. & Wittmann M. 1995. Distribution 
of epigean Malacostraca in the middle and upper Danube 
(Hungary, Austria, Germany). Miscellanea Zoologica 
Hungarica10: 49–68.

Nunes A. L., Katsanevakis S., Zenetos A. & Cardoso A. C. 
2014. Gateways to alien invasions in the European seas. 
Aquatic Invasions 9: 133–144. http://dx.doi.org/10.3391/
ai.2014.9.2.02

Ohrid – Prespa Transboundary Biosphere Reserve, Alba-
nia/North Macedonia. 2022. UNESCO. [Accessed 7 
November 2022]. https://en.unesco.org/biosphere/eu-na/
ohrid-prespa.

Paganelli D., Kamburska L., Zaupa S., Garzoli L. & Bog-
gero A. 2021. Impacts analysis of alien macroinvertebrate 
species in the hydrographic system of a subalpine lake 
on the Italian Swiss border. Water 13: 3146. https://doi.
org/10.3390/w13213146.

Panov V. E., Alexandrov B., Arbačiauskas K., Binimelis 
R., Copp G. H., Grabowski M., Lucy F., Leuven R. S., 
Nehring S., Pauović M., Semenchenko V. & Son M. O. 
2009. Assessing the risks of aquatic species invasions via 
European inland waterways: from concepts to environ-
mental indicators. Integrated Environmental Assessment 
and Management 5: 110–126. http://dx.doi.org/10.1897/
IEAM_2008-034.1.

Parrott D., Roy S., Baker R., Cannon R., Eyre D., Hill M., 
Wagner M., Roy H., Preston C., Beckmann B., Copp G. 
H., Edmonds N., Ellis J., Laing I., Britton J. R. & Go-
zlan R. E. 2009. Horizon scanning for new invasive non-
native species in England. Natural England, Peterborough.

Paunovic M., Simic V., Jakovcev-Todorovic D. & Stojanovic 
B. 2005. Results on macroinvertebrate community investi-
gation in the Danube River in the sector upstream the Iron 
Gate (1083–1071 km). Archives of Biological Sciences, 
Belgrade 57 (1): 57–63.

Paunović M., Csany B., Simovic P. & Zorić K. 2015. Invasive 
alien species in the Danube. In: The Danube River Basin. 
Handbook of Environmental Chemistry. Springer, 25 p.

Peyton J. M., Martinou A. F., Adriaens T., Chartosia N., Ka-
rachle P. K., Rabitsch W., Tricarico E., Arianoutsou 



112

Trajanovski S., Zdraveski K., Trajanovska S., Gjoreska B.B. & Trichkova T.

M., Bacher S., Bazos I. & Brundu G. 2020. Horizon 
scanning to predict and prioritize invasive alien species 
with the potential to threaten human health and economies 
on Cyprus. Frontiers in Ecology and Evolution 8: 566281.

Pheloung P. C., Williams P. A. & Halloy S. R. 1999. A 
weed risk assessment model for use as a biosecurity tool 
evaluating plant introductions. Journal of Environmental 
Management 57: 239–251. doi:10.1006/jema.1999.0297.

Piria M., Stroil B. K., Giannetto D., Tarkan A. S., Gavrilović 
A., Špelić I., Radočaj T., Killi N., Filiz H., Uysal T. U. & 
Aldemir C. 2021. An assessment of regulation, education 
practices and socio-economic perceptions of non-native 
aquatic species in the Balkans. Journal of Vertebrate Biol-
ogy 70 (4): 21047-1.

Randall J. M., Morse L. E., Benton N., Hiebert R., Lu S. 
& Killeffer T. 2008. The invasive species assessment 
protocol: a tool for creating regional and national lists of 
invasive nonnative plants that negatively impact biodiver-
sity. Invasive Plant Science and Management 1: 36–49. 
https://doi.org/10.1614/ipsm-07-020.1.

Rewicz T., Wattier R., Grabowski M., Rigaud T. & Bacela-
Spychalska K. 2015. Out of the Black Sea: phylogeogra-
phy of the invasive killer shrimp Dikerogammarus villosus 
across Europe. PLoS ONE 10: e0118121. 

Robertson P. A., Mill A., Novoa A., Jeschke J. M., Essl F., 
Gallardo B., Geist J., Jarić I., Lambin X., Musseau C. 
& Pergl J. 2020. A proposed unified framework to describe 
the management of biological invasions. Biological Inva-
sions 22: 2633–2645.

Roy H. E., Preston C. D., Harrower C. A., Rorke S. L., 
Noble D., Sewell J., Walker K., Marchant J., Seeley 
B., Bishop J. & Jukes A. 2014. GB Non-native Species 
Information Portal: documenting the arrival of non-native 
species in Britain. Biological Invasions 16: 2495–2505.

Seebens H., Blackburn T. M., Dyer E. E., Genovesi P., Hulme 
P. E., Jeschke J. M., Pagad S., Pyšek P., Winter M., 
Arianoutsou M. & Bacher S. 2017. No saturation in 
the accumulation of alien species worldwide. Nature Com-
munications 8 (1): 14435.

Sousa R., Antunes C. & Guilhermino L. 2008a. Ecology of the 
invasive Asian clam Corbicula fluminea (Müller, 1774) in 
aquatic ecosystems: an overview. Annales de Limnologie 
– International Journal of Limnology 44: 43–52. 

Sousa R., Nogueira A. J. A., Gaspar M., Antunes C. & Guil-
hermino L. 2008b. Growth and extremely high production 
of the non-indigenous invasive species Corbicula fluminea 
(Muller, 1774): possible implications for ecosystem func-
tioning. Estuarine, Coastal and Shelf Science 80: 289–295. 

Sousa R., Gutierrez J. L. & Aldridge D. C. 2009. Non-indige-
nous invasive bivalves as ecosystem engineers. Biological 
Invasions 11: 2367–2385. 

Spirkovski Z., Boeva I. D., Talevski T. & Trajchevski B. 2017. 
Fish and Fisheries Lake Ohrid Implementing the EU Water 
Framework Directive in South-Eastern Europe. Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) 
GmbH. Pegi Sh. P. K. Tirana, Albania Action Plan – Re-
public of Macedonia (English version).

Trajanovski S. 2020. Final report upon implementation of the 
project: “Invasive and alien species a real threat for the 
ancient Lake Ohrid (IASLO)”.

Trajanovski S. 2013. Global warming and invasive alien species 
the most important threats for the ecosystem stability of the 
ancient Lake Ohrid. Report of the project “Climate change 
and invasive alien species – growing threats to biodiversity 
and ecosystem functionality in ancient Lake Ohrid and its 
watershed”, Macedonia.

Trajanovski S., Budzakoska Gjoreska B., Kenderov L., 
Trajanovska S., Zdraveski K. & Trichkova T. 2019. 
Potential threats to benthic macroinvertebrate fauna in Lake 
Ohrid watershed: Water pollution and alien species. Acta 
Zoologica Bulgarica, Suppl. 13. Biodiversity and Ecologi-
cal State of Ancient Lakes Ohrid and Prespa, Republic of 
Macedonia, pp. 91-98.

Trajanovski S., Budzakoska Gjoreska B., Trajanovska S. 
& Zdraveski K. 2015. Habitat change-driving force for 
endemic/cosmopolitan ratio perturbation in the benthic 
fauna of ancient Lake Ohrid and its watershed. Review, PSI 
Hydrobiological Institute Ohrid, University ‘St. Kliment 
Ohridski’ Bitola, Republic of Macedonia 43 (1): 116–130.

Trajanovski S., Simovski B., Nikolov B., Wong L. J. & Pagad 
S. 2020. Global register of introduced and invasive spe-
cies - North Macedonia. Invasive Species Specialist Group 
ISSG. Dataset/Checklist. https://cloud.gbif.org/griis/
resource?r=griis-macedonia&v=1.3.

Vilizzi L., Copp G. H., Hill J. E., Adamovich B., Aislabie 
L., Akin D., Al-Faisal A. J., Almeida D., Azmai M. A., 
Bakiu R. & Bellati A. 2021. A global-scale screening of 
non-native aquatic organisms to identify potentially inva-
sive species under current and future climate conditions. 
Science of the Total Environment 788: 147868.

Whitfield J. 2000. Shrimp eat shrimp. Proceedings of the Royal 
Society of London Series B, 267: 977–983.

Wilson J. R., Holst N. & Rees M. 2005. Determinants and 
patterns of population growth in water hyacinth. Aquatic 
Botany 81: 51–67.

Zorić K., Atanacković A., Tomović J., Vasiljević B., Tubić B. 
& Paunović M. 2020. Diversity of alien macroinvertebrate 
species in Serbian waters. Water 12 (12): 3521. https://doi.
org/10.3390/w12123521.

Received: 15.12.2022 
Accepted: 07.02.2023


