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Abstract. The intensive development of urban ecosystems in the last few centuries, but also the awareness of the importance of 
harmony between man and nature, has led to an increase of research into the factors affecting the biodiversity. Climate change, 
habitat fragmentation, the spread of invasive species, pollution are among the main factors harmful to the dynamics of ecosystems 
and their resilience. After loss of habitats, invasive alien species are the second most important cause of global biodiversity loss. 
Urban lakes, even if most of them have artificial origin, with a low α-diversity, meet an important role in the well-being of human 
population. The resilience of the urban ecosystem caused by anthropogenic impacts is much lower than in natural ecosystems due 
their simple structure. With the introduction of exotic species, their impact is produced by several cumulated factors, namely: new 
pathogens, high rates of reproduction, food competition and a weak or absent of higher consumers control. These conditions favour 
their expansion to the detriment of native species. Legislative and population awareness measures have to be taken, regarding access 
routes for invasive species, their environmental effects and economic loss and not least the application of integrated control actions. 
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Rezumat. Impactul speciilor invazive asupra ecosistemelor urbane. Dezvoltarea intensă din ultimele secole a 
ecosistemelor urbane dar și conștientizarea importanței armoniei dintre om și natură, a dus la o creștere a cercetărilor privind factorii 
care afectează biodiversitatea. Schimbările climatice, fragmentarea habitatelor, răspândirea speciilor invazive, poluarea, sunt printre 
principalii factori dăunători asupra dinamicii ecosistemelor și a capacității lor de reziliență. După pierderea de habitate, speciile 
invazive reprezintă a doua cea mai importantă cauză a pierderii biodiversității la nivel mondial. Lacurile urbane, chiar dacă 
majoritatea au o origine artificială, cu o diversitate redusă, joacă un rol important în bunăstarea populației umane. Datorită structurii 
lor simple, reziliența ecosistemelor urbane ca urmare a impactului antropic, este mult mai scăzută decât in cazul ecosistemelor 
naturale. Odată cu introducerea speciilor exotice, impactul lor este produs de mai mulți factori cumulativi și anume: agenți patogeni 
noi, rate ridicate de reproducere, competiția pentru hrană și un control slab sau absent al consumatorilor superiori. Aceste condiții 
favorizează extinderea lor în detrimentul speciilor indigene. Sunt necesare măsuri legislative și conștientizarea populației umane 
privind căile de acces pentru speciile invazive, efectele lor asupra mediului și pierderile economice și nu în ultimul rând aplicarea 
unor acțiuni de control integrat al populatiilor non-native. 
 
Cuvinte cheie: lacuri din București, specii non-indigene, genul Ameiurus, servicii ecosistemice. 

 
THE CHARACTERISTICS OF URBAN LAKES 

 
The intensive development of human society in the last centuries as a result of industrialization has led to a 

need for concentration in cities much higher than in rural areas. As a result of the expansion of the urbanization process, 
a new ecosystem type appeared, urban ecosystems, where energy inputs are artificial and the dominant species is taken 
over by man. Urban ecosystems are different from natural ones, because they als include, besides the natural 
component, the built-up component and the socio-economic environment (BOTNARIUC & VĂDINEANU, 1982; 
NASELLI-FLORES, 2008). Within these systems we find parks and water bodies that provide a range of services in the 
well-being of the human population such as air purification, modulation of temperature and humidity in the atmosphere.  

Urban lakes are in most cases man-made and few of them are natural ecosystems in cities. Artificial ones 
resulted either from excavation works, or were built to be recreational parks. For this reason, urban lakes generally tend 
to be small in the surface (max 10 km2) and depth (max 6 m) and are not very complex in the trophic network. Much of 
the water that feeds them comes from springs and rainfall. Physico- and chemical traits depend on the extent of the 
source of supply but also on the influence of the city on microclimate conditions (SCHUELER & SIMPSON, 2001). 
There are five types of urban ecosystems: nature reserves, ornamental lakes, garden pounds, drainage systems and 
industrial pounds (HASSALL, 2014). 

POnds are much simpler in terms of α-diversity compared to large lakes or rivers, but are characterized by a 
greater diversity of environmental conditions, thus reflecting β-diversity. In order to preserve the biodiversity of urban 
ecosystems, it is not only sufficient to know the richness of species and their share in the ecosystem, but also their 
importance in the ecosystem function. Thus, common species are cosmopolitan and cannot serve as indicator, keystone, 
flagships, umbrellas species, etc. (VERMONDEN, 2010). 

The resilience of ecosystems is closely related to biodiversity, the tolerance capacity of organisms and their 
involvement in key control processes. If the natural variations of environmental factors are characterized by normal 
dynamics, ecosystems have recovery mechanisms based on "ecological memory". The degradation of ecosystems 
caused by anthropogenic impacts affects the ability to recover with effects in changing the biotic component or 
breakdown of the food web (CARPENTER & COTTINGHAM, 1997; BENGTSSON et al., 2003). The cumulated 
natural and anthropogenic disturbing factors affect the resilience of ecosystems, especially in the cases with low 
diversity (VINEBROOKE et al., 2004). In order to reduce the anthropogenic impact on aquatic biodiversity, it is 
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necessary to prevent species losses including the economically less important levels, such as invertebrates or aquatic 
plants. Unfortunately, only a certain biotic component that can easily adapt to the pressure factors that characterize 
urban ecosystems is favoured, and these are often the exotic species. These anthropogenic changes of aquatic 
ecosystems make it difficult to preserve and protect native species (FRANKLIN, 1988).  

The conscious introduction of exotic species has been accomplished for a very long time, man being tempted 
to bring exotic plants and animals either for economic or decorative purposes. Even though these were often kept under 
controlled conditions, some of them got into the environment and have changed the fate of many ecosystems. 

 
THE FEATURES OF INVASIVE SPECIES  

 
The Convention on Biological Diversity (CBD) considers invasive species as one of the major threats to 

biodiversity and natural capital and refers not only to foreign species introduced from other areas, but also to species 
introduced and spread outside their natural habitat or present distribution (HANEL et al., 2011).  

In Romania, 47% of the territory is represented by natural and semi-natural ecosystems, bringing important 
contributions to European biodiversity (BĂNĂDUC, 2008). As in the rest of Europe, in Romania, there are many 
species that acclimated and became invasive, affecting the native component significantly (BĂDEANU et al., 2009).  

For example, along the Snagov Lake, the most significant invasive species in this Protected Area are: Nelumbo 
nucifera (also known as Indian lotus, sacred lotus, bean of India, Egyptian bean), Dreissena polymorpha (Zebra 
mussel), Lepomis gibbosus (pumpkinseed, pond perch, common sunfish) and Carassius gibelio (Prussian carp, silver 
Prussian carp or Gibel carp) (*** ANPLS Mangement Plan, 2015). 

"Visible" examples of invasive fish species in the urban lake ecosystems in Bucharest are bullheads species, 
Ameiurus (Ictalurus) found in Bucharest. In the Colentina River, the brown bullhead (Ameiurus nebulosus) was 
introduced accidentally, showing a strongly invasive character, becoming the dominant species especially in the 
Herăstrău, Floreasca, Tei and Plumbuita lakes (STĂNESCU & GAVRILOAIE, 2011). We consider that the 
anthropogenic impact produced by the fragmentation of the Colentina River has contributed to the decline of habitats, 
the vulnerability of the native species that have undergone also the competitive pressures, among other things, with 
these invasive species (BĂNĂDUC, 2008). Ictalurid genera from Siluriformes Order (Le Sueur, 1814) have also been 
identified in isolated lakes, such as those in the parks of Bucharest (GAVRILOAIE, 2008) or in Văcărești wetland 
(DRĂGAN et al., 2013). 

Initially recognized as species of the genus Ictalurus and subsequently Ameiurus: Ameiurus nebulosus, Ameiurus 
melas and Ameiurus natalis, were taken from the Mississippi River basin in 1871 as decorative fish for aquariums and  
ponds (BÉRES et al., 2017). Subsequently, they began to develop aggressively, being thus referred to as invasive species 
in almost all countries of Europe. Native species prefer warmer and small depth waters being spread in ponds or shallow 
lakes or in the downstream sections of small and medium streams. Having reached the natural habitats, these species have 
spread in most European countries. Ameiurus nebulosus is the most widespread species, being mentioned in 23 European 
countries, compared to A. melas found in 18 of them. In the Balkan countries, Belgium, UK or Turkey, it is considered to 
bear a high risk of invasiveness (COPP et al., 2016). Scientific literature highlights the presence of the species Ameiurus 
nebulosus in the more cold European areas, not particularly favorable to this genus. In some cases there has been a 
replacement of A. nebulosus with A. melas (BÉRES et al., 2017). Due to the difficulty of taxonomic classification of 
species based only on morphological features, it is possible that in some ecosystems the two species coexist or produce 
hybrids and not be properly scientifically evaluated (MOVCHAN et al., 2014). 

The studies conducted in various countries across Europe showed that Ameiurus species tolerate high pollution 
conditions with high turbidity, low oxygen concentration and high water temperatures. Their high adaptability and 
tolerance to precarious conditions has made this species the most widespread foreign species in Europe, with a highly 
invasive potential risk (RIBEIRO et al., 2008). Such conditions are common in the urban aquatic ecosystems. The 
success of their spread is supported not only by environmental conditions but also by the diversity of their feeding 
regime and reproductive strategies such as numerous multi-spawning, nest-guarding spawnings (NOVOMESKÁ & 
KOVÁČ, 2009; COPP et al., 2016). 

Besides the high adaptability to the different types of ecosystems, bullhead species exhibit a high degree of 
interspecific competition for food and space resources. Bullheads have a varied feeding regime, as the following were 
found in their guts contents: detritus, algae, snails, fish eggs, insects, worms, fish, crayfish, etc. (*** GISD, 2015; 
COLLIER et al., 2018). In addition, they affect native species by changing turbidity conditions and predator-prey 
encounter rates. For example, in European aquatic ecosystems, the pike (Esox lucius) is vulnerable to competition with 
bullhead species (KREUTZENBERGER et al., 2008). 

 
PATHWAYS OF INVASION 

 
In the first phase, the introduction of alien species in Europe started from 1800 and highlighted a progressive 

increase of alien mammals, invertebrates and plants. A similar trend was only seen for plants in North America. The 
second phase of biological invasion took place in the period of Industrial Revolution (1820-1840), when the 
development of international trade across the continents favoured the phenomenon (HULME, 2009). 
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Non-native species are spread out through various ways: transportation, living industry or miscellaneous 
(biological control, intentional release, ecosystem disturbance). Because of global human travel, the capacity of species 
to disperse from natural habitats to other regions has greatly extended.  

The important places for the spread of exotic species are transport hubs (shipping ports, airports) (FLOERL & 
INGLIS, 2005). With the increase of aquarium trade at an international level, a lot of unwanted organisms may be 
released into the environment, with adverse ecological and economic effects. In order to mitigate the effect on 
ecosystems, enhanced public education programmes, regulation of aquarium trade and improved legislation on invasive 
species are needed (STRECKER et al., 2011). The occurrence of non-native fishes in different regions is explained by 
the introductions through ballast-water exchange, and introductions from aquaria (SEMMENS et al., 2004).  

In urban ecosystems, the main way of introducing exotic species is represented by trade in decorative plants 
and pets (VAN HAM et al., 2013). Human activities favour the colonization of some foreign species, which is not 
possible naturally. The colonization of species is strongly influenced by regional environmental factors. They act as 
filters by which the success of overtaking some species is limited (RAHEL, 2002). Urban ecosystems are more 
vulnerable to the impact of invasive species than natural ones due to the variability of community structure and lower 
diversity (HILL et al., 2016).  

In aquatic ecosystems, most of the invasive species have been intentionally introduced as aquaculture and 
some of them accidentally. The introduction of foreign fish species began in the eighteenth century and increased later 
on. Their invasive character has been determined by their impact on occupied habitats, native species, especially fish, 
by competition for food source, parasites and exotic diseases (OLDEN et al., 2004; CROWL et al., 2008). In addition, 
in the case of urban water bodies, we encounter exotic plants that have been introduced for decorative purpose or 
abandoned exotic pet animals. 

 
ENVIRONMENTAL AND ECONOMICAL IMPACT 

 
Thus, the factors that lead to major changes in aquatic biota are complex and generally synergetic. In other 

words, the increase of pressures from global change, pollution and invasive species has led to the vulnerability of many 
native species and the increased risk of falling into decline. As mentioned above, as a result of cumulative anthropic 
pressures, the resilience capacity and supply of goods and services of the ecosystems was significantly affected 
(POIKANE et al., 2017). The awareness of the effects of introducing invasive species on the environment has led to the 
need to assess the risks and develop strategies to prevent their degradation as important and long-lasting as in the case 
of pollution. According to TREBITZ et al. (2017), the invasive species in the US that affected fresh water systems 
produced annual damage exceeding 120 billion dollars. In Europe, the costs of invasive species are estimated to EUR 
12 billion per year. Thus, their effects should worry not only from an environmental point of view, but also from the 
economic one. 

 
CONTROLLING MEASURES 

 
The ecological and economic effects produced over time have led to the need to assess risk according to the stage 

of species invasion. The effects of the impact of invasive species on native biodiversity implies the need to establish 
control management plans for their expansion. It is mandatory in control measures to find effective population and to have 
the most comprehensive information about target species such as geographical origin, preferred environmental conditions 
conducive to their development, invasion paths, effects on indigenous species, direct predators. 

Prevention is the best measure to control the spread of foreign species. Prevention can be achieved through 
both social awareness and legislative measures. In the event of a low presence of non-native species, total eradication is 
the recommended action. Another measure to reduce the invasiveness of exotic species is the rehabilitation of degraded 
ecosystems favouring the native species. As an alternative to species control, where effective, chemical compounds such 
as as insecticides and pesticides can be used. Due to the consequences on human health or the risks to other useful 
species, biocontrol can be a cost-effective measure in control of alien species, based on co-evolved natural enemies 
(MESSING & WRIGHT, 2006; MARTEN & MOORE, 2011). The both numeric and spatial spreading of invasive 
species requires integrated measures (REO et al., 2001; HARVEY & MAZZOTTI, 2014). 

For example, in the case of Ameiurus species, the most well-known form of fighting it was to capture as many 
adult individuals as possible for a drastic reduction of its stock. On the other hand, in juvenile stages when spines are 
less developed, they are vulnerable to predatory fish. Largest fish predators include pike (Esox spp.) and pike perches 
(Sander spp.) may control the Ameiurus population extension (*** CABI, 2018). The strategies to eradicate these 
invasive species are still limited because they have not been sufficiently tested (IRIARTE et al., 2005; 
CUCHEROUSSET, 2006; ANASTASIU et al. 2007; ENDLICHER et al., 2007; LOUETTE et al., 2013; MANTEGHI 
et al., 2015). 
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CONCLUSION 
 

Urban ecosystems may represent a major gateway for invasive species dispersion, as a result of high human 
population density and their concerns of having exotic pets and decorative plants. For this reason, the management of 
these ecosystems must be done responsibly and especially preventively to permit the development of these living beings 
in nature, which can pose high risks not only at regional level but also on extended areas. 

 
ACKNOWLEDGEMENTS 

 
The study was funded by project no. RO1567-IBB02/2017 from the Institute of Biology Bucharest of 

Romanian Academy. 
 

REFERENCES 
 
ANASTASIU PAULINA, NEGREAN G., BAȘNOU C., SÎRBU C., OPREA A. 2007. A preliminary study on the 

neophytes of wetlands in Romania. In: Rabitsch, Essl & Klingenstein (Eds.) Biological Invasions – from 
Ecology to Conservation (Neobiota). Institute of Ecology Press. Berlin. 7: 181-192. 

BĂDEANU M., SANDU TATIANA, MARTA ALINA ELENA. 2009. Invasive species - powerful competitors to the 
native species. Lucrări Ştiinţifice, USAMV "Ion Ionescu de la Brad" Iaşi, Seria Horticultură. "Al. I. Cuza" 
University Publisher. Iași. 52: 1105-1110. 

BĂNĂDUC D. 2008. Umbra krameri Walbaum, 1792 a Natura 2000 Protected Fish Species. In: Romania Acta 
Ichtiologica Romanica. "Lucian Blaga" University Publisher. Sibiu. 3: 33-44. 

BENGTSSON JANNE, ANGELSTAM P., ELMQVIST T., EMANUELSSON U., FOLKE C., IHSE MARGARETA, 
MOBERG F., NYSTRO M. M. 2003. Reserves, resilience and dynamic landscapes. Ambio. Springer. Berlin. 
32: 389-396. 

BÉRES B., SIPOS K. D., MÜLLER T., STASZNY Á., FARKAS M., BAKOS K., ORBÁN L., URBÁNYI B., 
KOVÁCS B. 2017. Species-specific markers provide molecular genetic evidence for natural introgression of 
bullhead catfishes in Hungary. Journal of Life and Environmental Sciences. PeerJ Publisher. New York. 5: 
2804-2810. 

BOTNARIUC N. & VĂDINEANU A. 1982. Ecologie. Edit. Didactică şi pedagogică. Bucureşti. 439 pp. 
CARPENTER S. R. & COTTINGHAM KATHRYN L. 1997. Resilience and restoration of lakes. Conservation 

Ecology. Available online at http://www.consecol.org/vol1/iss1/art2 (Accessed February, 2018). 
COLLIER K. J., PINGRAM M. A., FRANCIS LAURA, GARRETT-WALKER J., MELCHIOR MICHELE. 2018. 

Trophic overlap between non-native brown bullhead (Ameiurus nebulosus) and native shortfin eel (Anguilla 
australis) in shallow lakes. Ecology Freshwater Fish. Published by John Wiley & Sons Ltd. London. 10:1-10. 

COPP G. H., TARKAN A. S., MASSON G., GODARD M. J., KOŠČO J., KOVÁČ V., NOVOMESKÁ A., 
MIRANDA R., CUCHEROUSSET J., PEDICILLO G., BLACKWELL B. G. 2016. A review of growth and 
life-history traits of native and non-native European populations of black bullhead Ameiurus melas. Reviews in 
Fish Biology and Fisheries. Springer. Stuttgart. 26(3): 441-469. 

CROWL T. A., CRIST T. O., PARMENTER R. R., BELOVSKY G., LUGO ARIEL E. 2008. The spread of invasive 
species and infectious disease as drivers of ecosystem change. Frontiers in Ecology and the Environment. 
Ecological Society of America Press. New York. 6: 238-246.  

CUCHEROUSSET J., PAILLISSON J. M., CARPENTIER A. 2006. Is mass removal an efficient measure to regulate 
the north american catfish Ameiurus melas outside of its native range? Journal of Freshwater Ecology. Taylor 
& Francis Publisher. London. 21(4): 699-704.  

DRĂGAN D. F., GAVRIL V. D., SAHLEAN T. 2013. Urban ecosystems: preliminary studies regarding the vertebrate 
fauna of Văcărești Lake (Bucharest, Romania). In: Murariu, Adam, Chișamera, Iorgu, Popa, Popa (Eds.) 
Annual Zoological Congress of "Grigore Antipa" Museum, Book of Abstracts. Travaux "Grigore Antipa" 
Museum Publisher. Bucharest: 148. 

ENDLICHER W., LANGNER M., HESSE M., MIEG H. A., KOWARIK I., HOSTERT P., KULKE E., NÜTZMANN 
G., SCHULZ MARLIES, VAN DER MEER ELKE, WESSOLEK G., WIEGAND CLAUDIA. 2007. Urban 
Ecology - Definitions and Concepts. In: Endlicher &Langner (Eds.) Shrinking Cities: Effects on Urban 
Ecology and Challenges for Urban Development. Springer. Berlin: 1-15. 

FLOERL O. & INGLIS G. J. 2005. Starting the invasion pathway: the interaction between source populations and 
human transport vectors. Biological Invasions. Springer. Berlin. 7(4): 589-606. 

FRANKLIN J. J. 1988. Structural and functional diversity in temperate forests. In: Wilson & Peter (Eds.). Biodiversity. 
Washington (DC): National Academies Press (US). Available online at 
https://www.ncbi.nlm.nih.gov/books/NBK219319/ (Accessed February, 2018). 

GAVRILOAIE I. C. 2008. Contributions to the knowledge of Bucharest city ichthyofauna. AACL Bioflux - 
Aquaculture, Aquarium, Conservation & Legislation International Journal of the Bioflux Society. "Babeș 
Bolyai" University Publisher. Cluj-Napoca. 1: 21-26. 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 34, No. 1/2018             ISSN 1454-6914 
  

216 
 

HANEL L., PLESNIK I., ANDRESKA J., LUSK S., NOVAK J., PLISTIL J. 2011. Alien fishes in European waters. 
Bulletin Lampetra. University Press. Prague. 7: 148-185. 

HARVEY R. G. & MAZZOTTI F. J. 2014. The Invasion Curve: A Tool for Understanding Invasive Species 
Management in South Florida. UF/IFAS Extension. Original publication date November 2014. Visit the EDIS 
website at http://edis.ifas.ufl.edu. (Accessed February 07, 2018). 

HASSALL C. 2014. The ecology and biodiversity of urban ponds. Wiley Interdisciplinary Reviews: Water. Wires water 
Press. New York. 1: 187-206. 

HILL M. J., BIGGS J., THORNHILL I., BRIERS R., GLEDHILL D. G., WHITE J. C., WOOD P. J., HASSALL C. 
2016. Urban ponds as an aquatic biodiversity resource in modified landscapes. Global Change Biology. 
Publisher  by  Wiley-Blackwell. London. 23(3): 986-999. 

HULME P. E. 2009. Trade, transport and trouble: managing invasive species pathways in an era of globalization. 
Journal of Applied Ecology. Publisher  by  Wiley-Blackwell. London. 46: 10-18.  

IRIARTE J. A., LOBOS G. A., JAKSIC F. M. 2005. Invasive vertebrate species in Chile and their control and monitoring 
by governmental agencies. Revista Chilena de Historia Naturall. Springer. Stuttgart. 78(1):143-154. 

KREUTZENBERGER K., LEPRIEUR F., BROSSE S., 2008. The influence of the invasive black bullhead Ameiurus 
melas on the predatory efficiency of pike Esox lucius L. Journal of Fish Biology. Publisher  by  Wiley-
Blackwell. London. 73: 196-205.  

LOUETTE G., DEVISSCHER S., ADRIAENS T. 2013. Control of invasive American bullfrog Lithobates catesbeianus 
in small shallow water bodies. European Journal of Wildlife Research. Springer. Stuttgart. 59: 105-114. 

MANTEGHI GOLNOOSH, SAPURA M., OSSEN D. R. 2015. Water Bodies an Urban Microclimate: A Review. 
Modern Applied Science. Canadian Center of Science and Education Publisher. Toronto. 9: 10-55. 

MARTEN A. L. & MOORE C. C. 2011. An options based bioeconomic model for biological and chemical control of 
invasive species. Ecological Economics. Elsevier. Paris. 70(11): 2050-2061. 

MESSING R. H. & WRIGHT M. G. 2006. Biological control of invasive species: solution or pollution? Frontiers in 
Ecology and the Environment. Ecological Society of America Press. New York. 4(3):132-140 

MOVCHAN Y. V., TALABISHKA E. M., VELIKOPOLSKIY I. J. 2014. Fishes of the Genus Ameirus (Ictaluridae, 
Siluriformes) in the Transcarpathian water bodies. Vestnik Zoology. National Academy of Sciences of Ukraine 
Publisher. Kiev. 48(2): 149-156. 

NASELLI-FLORES L. 2008. Urban Lakes: Ecosystems at Risk, Worthy of the Best Care.  In: Sengupta & Dalwani 
(Eds). Proceedings of Taal 2007: The 12th World Lake Conference. University Press. Jaipur: 1333-1337. 

NOVOMESKÁ A. & KOVÁČ V. 2009. Life�history traits of non�native black bullhead Ameiurus melas with 
comments on its invasive potential. Journal of Applied Ichthyology. Springer. London. 25: 79-84.  

OLDEN J. D., LEROY POFF N., DOUGLAS M. R., DOUGLAS M. E., FAUSCH K. D. 2004. Ecological and evolutionary 
consequences of biotic homogenization. Trends in Ecology & Evolution. Elsevier. Paris. 19(1): 18-24. 

POIKANE S., RITTERBUSCH D., ARGILLIER C., BIAŁOKOZ W., BLABOLIL P., BREINE J., JAARSMA N. G., 
KRAUSE T., KUBEČKA J., LAURIDSENJ T. L., NOGES P., PEIRSON G., VIRBICKAS T. 2017. Response 
of fish communities to multiple pressures: Development of a total anthropogenic pressure intensity index. 
Science of the Total Environment. Elsevier. Paris. 586: 502-511. 

RAHEL F. 2002. Homogenization of Freshwater Faunas. Annual Review of Ecology and Systematics. Academic of 
California Publisher. Palo Atto. 33: 291-315.  

REO N. J., WHYTE K., RANCO D., BRANDT JODI, BLACKMER EMILY, ELLIOTT B. 2017. Invasive Species, 
Indigenous Stewards, and Vulnerability Discourse. American Indian Quarterly. University of Nebraska Press. 
Omaha. 41(3): 201-223. 

RIBEIRO F., ELVIRA B., COLLARES-PEREIRA M. J., MOYLE P. B. 2008. Life-history traits of non-native fishes in 
Iberian watersheds across several invasion stages: a first approach. Biological Invasions. Springer. Berlin. 
10(1): 89-102. 

SCHUELER T. & SIMPSON J. 2001. Why Urban Lakes Are Different: Watershed Protection Techniques- Urban Lake 
Management. CWP, Ellicott City. Watershed Protection Press. London. 3(4): 747-750. 

SEMMENS B., BUHLE E., SALOMON A., PATTENGILL-SEMMENS C. 2004. A hotspot of non-native marine 
fishes: Evidence for the aquarium trade as an invasion pathway. Marine Ecology Progress Series. Otto Kinne 
Publisher. New York. 266: 239-244. 

STĂNESCU S. V. & GAVRILOAIE C. 2011. Aspecte privind vegetaţia şi fauna râului Colentina pe traseul din 
municipiul Bucureşti (România). Ecoterra. Universitatea „Babeş-Bolyai” din Cluj-Napoca. 27: 53-56. 

STRECKER ANGELA L., CAMPBELL P. M., OLDEN J. D. 2011. The Aquarium Trade as an Invasion Pathway in 
the Pacific Northwest. Fisheries. Elsevier. London. 36(2): 74-85. 

TREBITZ A. S., HOFFMAN J. C., DARLING J. A., PILGRIM E. M., KELLY J. R., BROWN E. A., CHADDERTON 
W. L.,  EGAN S. P., GREY E. K., HASHSHAM S. A., KLYMUS K. E., MAHON A. R., RAM J. L., SCHITZ 
M. T., STEPIEN C. A., SCHARDT J. C. 2017. Early detection monitoring for aquatic non-indigenous species: 
Optimizing surveillance, incorporating advanced technologies and identifying research needs. Journal of 
Environmental Management. Elsevier. Paris. 202: 299-310. 



FLORESCU Larisa         CATANĂ Rodica         GAVRILIDIS Athanasios-Alexandru         MOLDOVEANU Mirela 
 

217 
 

VAN HAM C., GENOVESI P., SCALERA R. 2013. Invasive alien species: the urban dimension, Case studies on 
strengthening local action in Europe. IUCN European Union Representative Office. Brussels. 103 pp. 

VERMONDEN KIM. 2010. Key factors for biodiversity of urban water systems. Ph. D. Thesis, Radboud University. 
Nijmegen. 147 pp. 

VINEBROOKE R. D., COTTINGHAM K. L., NORBERG J., SCHEFFER M., DODSON S. I., MABERLY S. C., 
SOMMER U. 2004. Impacts of multiple stressors on biodiversity and ecosystem functioning: the role of 
species co-tolerance. Oikos. Published by John Wiley & Sons. Athens. 104: 451-457. 

***. ANPLS Mangement Plan. 2015. Plan de management al ariei naturale protejate lacul Snagov ANPLS. Anexa 1. 93 pp. 
***. CABI. 2018. Invasive Species Compendium. https://www.cabi.org/isc/datasheet/94468 (Accessed February, 2018). 
***. GLOBAL INVASIVE SPECIES DATABASE (GISD). 2015. Species profile Ameiurus nebulosus. Available from: 

http://www.iucngisd.org/gisd/species.php?sc=612 (Accessed February 07, 2018). 
 

 
Florescu Larisa, Moldoveanu Mirela 

Institute of Biology Bucharest, Romanian Academy, Ecology, Taxonomy and Nature Conservation Department,  
296 Splaiul Independenței, 060031 Bucharest, P.O. Box 56–53, Romania. 

E-mails: aqua.bios@yahoo.com; mirela.moldoveanu@ibiol.ro 

 
Catană Rodica 

Institute of Biology Bucharest, Romanian Academy, Plant and Animal Cytobiology Department,  
296 Splaiul Independenței, 060031 Bucharest, P.O. Box 56–53, Romania. 

 
Gavrilidis Athanasios-Alexandru 

University of Bucharest, Centre for Environmental Research and Impact Studies, Nicolae Bălcescu Boulevard 1, Sector 1, Bucharest, Romania. 
 

Received: March 31, 2018 
Accepted: July 29, 2018 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


