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Abstract.  
Floating wetland islands (FWI) are nature-based solutions that can be applied in 
different water bodies, such lakes, ponds and rivers, considering a wide range of 
purposes. They have been considered for eutrophication abatement, wastewater 
treatment and ecosystem rehabilitation. They are of great value since their effi-
ciency relies on bioremediation processes and thus very versatile in terms of wa-
ter depuration but also on biodiversity promotion. 
These systems comprise a floating platform, selected plants and an anchoring 
system. Depending on their configuration, they will attract and harbor different 
organisms such macrofauna and microorganisms, that will use the platform as 
shelter, habitat, stepping stone, nursery, food source among other benefits. The 
plant species are of particular interest since they are the living interface between 
the platform and the water body and they must be selected according to criteria 
that will enable their successful establishment having in consideration the biotic 
factors. 
The present paper intents to give an overview of the role of FWI towards their 
associated biodiversity and what has been identified in literature as the main 
groups that can be found and related operational conditions. This approach can 
support future decisions concerning the FWI implementation conditions and 
components towards biodiversity enhancement. 
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1 Introduction 

The conservation and sustainable use of the marine and terrestrial environment is sup-
ported by the primary biodiversity Goals (SDG 14 and 15) although, the 17 SDGs ulti-
mately depend on healthy ecosystems and biodiversity. Concerning nature-based solu-
tions (NBS), biodiversity has firstly a functional role, which underpins ecosystem func-
tions and processes thus delivering ecosystem services and supporting conservation ob-
jectives (WWAP, 2018). Nature-based solutions “are inspired and supported by nature 
and use, or mimic, natural processes to contribute to the improved management of wa-
ter. An NBS can involve conserving or rehabilitating natural ecosystems and/or the 
enhancement or creation of natural processes in modified or artificial ecosystems.” 
(WWAP, 2018, pp2). 

The use of constructed wetlands as NBS for bioremediation has been widely used, 
considering wastewater treatment, management and ecosystems rehabilitation (Cal-
heiros et al, 2020a). Although, when the target is a water body, such river, lake, pond, 
the floating wetland islands (FWI) is usually the most adequate approach. There are 
several reviews that detail the systems applications and configurations (e.g., Arivuk-
karasu et al, in press; Colares et al, 2020; Pavlineri et al, 2017). Floating wetlands is-
lands are also known as Treatment Floating Wetlands, Floating Islands or vegetated 
floating mats, and they deliver a wide range of ecosystem services, having the ad-
vantage that no additional surface land is required and can operate in situ. These sys-
tems comprise a floating platform, plants species and an anchoring system. In relation 
to the floating platform, in order to ensure the buoyancy, it can be made of different 
materials such polyethylene, polypropylene, polyurethane or polyvinyl alcohol foam 
(Karstens et al, 2021) or cork (Calheiros et al, 2020b). The plant species considered 
may vary widely depending on the environment (e.g., saline, freshwater) that the FWI 
will be implemented, being important to select them based on established criteria (Ariv-
ukkarasu and Sathyanathan, 2022; Calheiros et al, 2022; Wang and Sample, 2014). The 
promotion of the biodiversity is one of the ecosystem services delivered by these sys-
tems and can be enhanced by adding other features to the platform in order support for 
example nursery purposes, habitat, shelter, etc. A huge interest is rising concerning the 
species that these systems can harbor at the macro and micro level. 

The aim of this paper is to deliver an overview of the FWI role towards biodiverse 
promotion. In that sense it will be explored their associated biodiversity and what has 
been identified in literature as the main groups that can be found and related operational 
conditions. This approach is of outmost importance to support future decisions con-
cerning the FWI implementation conditions and components towards biodiversity en-
hancement. 
 

2 Biodiversity behind Floating Wetland Islands  

In addition to the FWI’s main purpose of treating water, these systems can also deliver 
numerous ecosystem services, including the improvement of biodiversity. The wide 



3 

range of plant species used to vegetate the platforms will boost the biodiversity of the 
surrounding ecosystem. Starting with the increment of the diversity of plant species in 
the FWI itself. A study performed by Wang et al. (2015) showed that plant diversity 
increased from three (initially planted) to seven species after 1 year of the FWI imple-
mentation. The biofilm attached to the surface of roots and rhizomes and to the floating 
mat also comprises diverse bacterial, fungi, and algae communities. Moreover, FWI 
contribute to increase the diversity of several macroinvertebrates communities, namely 
insects, snails, and molluscs, while they create habitats for several animals, namely 
fishes, amphibians, and birds (Karstens et al., 2021). 

2.1 Plant selection and establishment  

Floating wetland islands consist in a buoyant structure floating on the surface of water 
that supports emergent vegetation. The roots of plants are completely emerged in the 
water, while the upper parts remain and grow above the water level (Arivukkarasu and 
Sathyanathan, in press; Benvenutti et al., 2018; Pavilineri et al., 2017). The main natural 
components of FWI are the macrophytes which have extensive root systems enabling 
the absorption of nutrients and contaminants from water (Arivukkarasu and Sathy-
anathan, in press). Macrophytes can be classified according to the water level as emer-
gent, floating, and submerged (Thampatti et al., 2020). A plethora of plant species have 
been used for water treatment by FWI, however the selection of macrophytes is a cru-
cial step and should rely on several criteria as they will impact the performance of the 
system, as well as the surrounding ecosystem.  

Wang and Sample (2014) defined some criteria to select plants for FWI implemen-
tation: 

• Native and non-invasive plants species 
• Terrestrial and perennial plant species 
• Emergent wetland plants able to adapt and thrive in hydroponic conditions 
• Plants with aerenchyma for higher oxygen diffusion from aerial parts to below-

ground organs (roots and rhizomes) 
• Plant species with aesthetic attributes 
• Plants with high nutrient uptake capacity 
 
In addition, Arivukkarasu and Sathyanathan (in press) reported that the selection of 

macrophytes should be based on following crieria:  
 
• Saplings should be readily available 
• Good adaptation to climatic conditions throughout the year 
• Ease vegetative reproduction 
• Good resistance to insects and plant diseases 
• High growth rate and fast biomass production throughout the year 
• High root development and anchoring well in the growth medium 
• Provision of oxygen to the belowground organs even under anoxic conditions 
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Further on, Calheiros et al (2020b) used the following criteria for plant selection: (1) 
native to the country; (2) potential to survive in hydroponic mode with tolerance to 
variable salinity levels; (3) presence in the region of the experimental site; (4) perennial 
species and (5) possibility to form a polyculture. Shaid et al. (2018) highlighted that the 
tolerance of plants to salinity, metals, organic compounds should also be considering.  

The species mostly used in artificially created FWI belonged to genera Canna, 
Carea, Typha, Phragmites, Juncus, and Cyperus (Headley and Tanner, 2012; Rheman 
et al., 2019). According to the meta-analysis performed by Pavlineri et al. (2017), 
Canna is a widely adapted plant species that is commonly used in FWI systems oper-
ating in several locations and climate zones in the world. Similarly, several species of 
Typha and Cyperus genera have also been broadly tested in FWI. For instance, the 
macrophyte Typha domingensis Pers. was successfully used in a FWI to treat raw sew-
age in a municipal sewage treatment plant (Benvenuti et al., 2018). However, many 
other plant species can be used, including terrestrial plant species such as Brachiaria 
mutica and Salix babylonica. These species are a good solution to increase the rate of 
removal of nutrients and contaminants from water as they possess extensive root sys-
tems (Ijaz et al. 2015; Zhu et al., 2011).  

Queiroz et al. (2020) evaluated the use of the macrophytes Eichhornia crassipes, 
Eichhornia paniculate, Polygonum ferrugineum and Borreria scabiosoides for the 
treatment of dairy wastewater using FWI. The aquatic macrophytes E. crassipes and E. 
paniculate were the species that better performed showing higher organic load removal 
efficiency and biomass growth. Calheiros et al. (2020b) reported the successfully in-
stallation of an in-situ FWI in a seawater port marina, comprising a polyculture of spe-
cies able to withstand high salt levels - Sarcocornia perennis, Juncus maritimus, Phrag-
mites australis, Halimione portulacoides, Spartina maritima, Limonium vulgare.  

Ornamental plants can also be used in FWI contributing to improve the aesthetic 
landscape (Barco and Borim, 2020; Zarin et al., 2018), which could be of particular 
interest in urban areas. Moreover, ornamental plants will attract further wildlife, includ-
ing insects pollinators. These plants must thrive and growth well in aquatic environment 
and at same time show ornamental features. Several strategies can be applied when 
using ornamental plants in FWI, namely the use of plants with a colorful flowering, 
mixtures of species with different colored flowers, and species with aesthetic foliage 
characteristics (Barco and Borim, 2020). The suitability of 11 wetland species with or-
namental features: Canna indica L., Pontederia cordata L., Thalia dealbata Fraser ex 
Roscoe, Acorus calamus L., Juncus effusus L., Iris laevigata L., Mentha aquatica L., 
Oenanthe javanica (Blume) DC., Caltha palustris L., Sparganium erectum L. and Zan-
tedeschia aetiopica (L.) Srengel was evaluated. Results showed that C. indica, P. cor-
data and T. dealbata were the species that better performed regarding the vigor and 
colonization of the floating maps, survival, and nitrogen uptake (Barco and Borim, 
2020) (Figure 1). According to Liu et al. (2016) the ornamental emergent macrophytes, 
Lythrum salicaria Linn. and Iris wilsonii, were efficient in removing total nitrogen and 
phosphorous from the wastewater. Urakawa et al. (2017) also used Canna flaccida and 
Juncus effusus roots in a FWI established in a manmade stormwater pond. 
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Figure 1. Examples of ornamental plant species used in floating wetland islands. (a) Canna in-
dica, (b) Canna flaccida, (c) Zantedeschia aethiopica. 

2.2 Microorganisms associated to floating wetland islands 

The roots of plants growing in the FWI, and the mat platform harbor a variety of mi-
croorganisms (Lubnow, 2014; Lucke et al., 2019), which may be involved in the re-
moval of total nitrogen and NH4-N from water by several processes, such as nitrifica-
tion, denitrification, and anaerobic ammonium oxidation (Tao et al., 2009). Indeed, ac-
cording to Sun et al. (2009) the removal efficiency of nitrogen was foster by the addition 
of immobilized denitrifying bacteria to the floating bed. In addition, microorganisms 
also play an important role on the degradation of pollutants, including metals and or-
ganic compounds (Liu et al., 2019), especially whether associated to the roots of plants 
in FWI (Demarco et al., 2023; Li et al., 2012; Rehman et al., 2019). Recent studies 
reported the inoculation of specific microorganisms in FWI systems as a successful 
strategy to increase the efficiency of pollutant removal from water (Shahid et al., 2020). 
For instance, Nawaz et al. (2020) demonstrated that the bacterial inoculation of a FWI 
composed of P. australis increased the removal of dyes from textile wastewater. Like-
wise, the inoculation of two aquatic plants with bacterial strains showing pollutant-
degrading ability and growth-promoting traits fostered textile dye degradation (Tusied 
et al., 2020).  

Despite the importance of microorganisms in nutrient and/or pollutant removal, little 
is known about the microbial communities associated to FWI plant roots (Urakawa et 
al., 2017). Preliminary studies are being carried out by Calheiros et al (2022) that is 
studying the integration of a FWI pilot in a freshwater pond assessing its biodiversity 
(Figure 2), namely the culturable bacterial communities associated to the floating plat-
form biofilm and to the plant rhizosphere. 
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Figure 2. (a) Floating wetland island in a freshwater pond, (b) biofilm sampling for microbial 
communities analysis. 
 

Urakawa et al. (2017) evaluated the microbial communities colonizing C. flaccida 
and J. effusus roots, as well as the biofilms of plant pots and floating mat foam, in a 
FWI implemented in a manmade stormwater pond. Results showed that FWI's plant 
root microbiomes were dominated by Anabaena, Rhizobium, and Rhodobacter genera. 
In addition, microbial communities of the FWI plant roots were quite different from the 
those found in the biofilm, being more related to the communities thriving in the sur-
rounding water samples. Similar results were obtained by Calheiros et al. (2020b) in a 
FWI installed in a seawater port marine. The structure of the microbial communities 
retrieved from biofilm adhering the planting media and the submerged platform was 
distinct from the communities associated to the surrounding water. 

2.3 Aquatic and terrestrial associated fauna  

Floating wetlands islands have real potential to provide habitats for aquatic and terres-
trial fauna (Kartens et al., 2022). Aquatic and terrestrial species usually use the availa-
ble area as shelter and refuge to escape predator pressure (Kartens et al., 2022). FWI 
are also used by the fauna as a food source (Preshant and Billore, 2020). The roots of 
plants in FWI are usually able to retain particulate matter that serve as food source for 
the macroinvertebrates (Preshant and Billore, 2020). Aquatic and terrestrial associated 
species mainly include, annelids (mainly oligochaete worms and leeches), molluscs 
(mainly aquatic gastropods and freshwater mussels), arachnids (mainly spiders and wa-
ter mites), crustaceans (mainly shrimps and crabs), insects (mainly dragonflies, bugs, 
water scorpions, water boatmen, beetles, caddisflies, midges), amphibians (American 
bullfrogs, gray treefrogs, crawfish frogs, southern leopard frogs), reptiles (Common 
snapping turtles, eastern painted turtles, red-eared slider turtles, northern water snakes), 
fishes (mainly eels, cyrprinids, gobies, rosy bitterlings, topmouth gudgeons, black 
basses) and birds (mainly mallards, red-winged blackbirds, twice gulls, grey herons, 
Canada gooses, sparrows) (Table 1).  

FWI can provide critical habitat also for many migratory fishes and invertebrate spe-
cies important to commercial and recreational fisheries (Deegan et al., 2002; Moody et 
al., 2013). Indeed, Huang et al. (2017) reported that stereoscopic artificial floating 
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wetlands vegetated with P. australis proved to be efficient fish aggregation devices in 
estuarine and coastal habitats. Recent studies have also observed that large numbers of 
juvenile European eel (Anguilla anguilla) are associated with the dense roots structures 
of FWI plants (Cicero-Fernandez, 2022; Kartens et al., 2022). In this case, the FWI 
serve as a refuge to avoid predators; normally, eels seek out dark, structurally rich areas 
during the day (Kartens et al., 2021). This is of particular importance as the population 
of the European eel has declined in several places in recent years, and the species is 
nowadays considered critically endangered (Pike et al., 2020).  

According to Kartens et al. (2022), the FWI can serve as a steppingstone to improve 
habitat connectivity of several species, such as the diadromous fish species. There are 
several bird species that are attracted to FWI and use the structure as an enhancement 
of available habitat (Yeh et al., 2015). Shealer et al. (2006) observed that during periods 
of flooding birds preferred FWI over natural sites. They have also observed that bird 
eggs that were laid in FWI were significantly larger than those laid at natural sites, 
suggesting that FWI were occupied by better quality birds. According to Hancock 
(2000), the availability of FWI have probably increased the Black-throated Diver (Ga-
via artica) population in Scotland by an average of 44% (from 7% to 130%, varies by 
site). The  FWI appears to have been used by birds as an additional benefit contributing 
to landscape aesthetics and also habitat enhancement.



Table 1. Main species and groups observed in association with the Floating wetlands islands (FWI).  

Species Main use of the 

floating wetland 

Period  

of study 

System Reference 

Annelida (2 species), Mollusca (2 species), 

Crustacean (Macrobrachium niponense), Arachnida 

(Aranae sp.), Insects (Terrestrial, 4 groups; Aquatic, 

4 groups), Fishes (6 species) 

Favorable habitat, 

safe nesting habitat, 

area for feeding 

3 years Shoreline of a 

lake 

Nakamura et al., 

1997 

     

Annelida (Freshwater leech), Mollusca (Physella 

acuta), Arachnida (Dolomedes triton), Insects 

(Aquatic, 4 species; Terrestrial, 5 species), Fishes 

(Cyprinus carpio), Reptiles (4 species), Birds (5 

species), 

Foraging, breeding, 

nursing, resting 

5 months Pond Wang et al., 2015 

     

Crustaceans (Crabs, 8 species; Shrimps, 5 species), 

Fishes (13 species) 

Used to compensate 

habitat degradation, 

improve fish and 

crustacean 

Few days 

during 4 

months 

Reservoir Huang et al., 2017 
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recruitment and 

increase refuge 

capacity 

     

Mollusca (Gastropods, 2 species), Arachnida (2 

species), Insects (3 species), Reptiles (4 species), 

Birds (3 species) 

Habitat creation 2 years Ponds Strosnider et al., 

2017 

     

Annelida (Polychaeta), Crustaceans (Chthamalus 

sp.; Palaemon sp.), Bivalvia (Mytilus sp.), Fishes 

(Mugil sp.) 

Feeding 16 months Next to a pier of 

a Marina 

Calheiros et al., 

2020b 

     

Mollusca (7 species), Insects (11 species) Shelter and food 

availability 

Not available River Prashant & Billore, 

2020 

     

Insects (Nepa sp.), Crustaceans (2 species), 

Mollusca (Gastropoda indet.), Fishes (Anguilla 

anguilla), Amphibians (Rana esculenta), Reptiles 

(Natrix natrix), Birds (5 species) 

Foraging, shelter and 

refuge 

4 months Shallow lagoon  Kartens et al., 2021 
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Crustaceans (2 species), Fishes (Anguilla anguilla) Functional habitat, 

nursery and refuge 

2 years Floating dock in 

the tidal lagoon 

Cicero-Fernandez et 

al., 2022 

     

Cnidaria (Hydra sp.), Annelida (Oligochaetes), 

Mollusca (3 species), Arachnida (Hydracarina sp.), 

Insects (5 species) 

Diverse habitats for 

the different stages 

of 

macroinvertebrates  

Seasonal 

(Autumn 

2018, Winter 

2019, Spring 

2019, Summer 

2019) 

Bays in the 

downstream 

part of a 

reservoir 

Salmon et al., 2022 



Overall, FWI seem to improve ecosystem conditions and lead to more diverse fauna 
(invertebrates, fishes, amphibians, reptiles, and birds) communities. In particular, FWI 
provide shelter when they provide more interstitial spaces favorable to the colonization 
of macroinvertebrates; heterogeneous habitats that contributes to attract diverse and 
abundant fauna; stable and constantly accessible habitats for fauna regardless of the 
water level, as they are floating structures; and they also serve as a relevant food source 
for some species. 

3 Conclusion  

Floating wetland islands are very interesting NBS to consider when a water body needs 
of intervention being for water management and treatment or ecosystem rehabilitation 
or aesthetic integration. They are very versatile and adaptative in terms of their config-
uration and components. Enhancement of biodiversity is an asset associated to these 
systems above and below water surface. Biodiversity can thus be promoted when 
choosing the adequate materials, especially the plant species, that are the most visible 
component being the living interface. A wide range of biodiversity has already been 
identified to be associated to FWI, such, macroinvertebrates, vertebrates and microor-
ganisms. Nevertheless, there is still the need for further research on the ecosystem’s 
services accounting related to biodiversity, especially species association to different 
environments (marine, freshwater, wastewater) and their response to different biotic 
and abiotic profiles. 
 
Acknowledgments 
This research was supported by National Funds from FCT-Fundação para Ciência e 
Tecnologia within the scope of projects UIDB/04423/2020, UIDP/04423/2020, and 
UIDB/ 50016/2020 projects. 

References 

Arivukkarasu, D, Sathyanathan, R.: Floating wetland treatment an ecological approach for the 
treatment of water and wastewater - A review. Materials Today: Proceedings. in press. 
https://doi.org/10.1016/j.matpr.2022.11.191 

Barco, A, Borin, M.: Ornamental plants for floating treatment wetlands: Preliminary results. Ital-
ian Journal of Agronomy 15, 109–120 (2020). 

Benvenuti, T., Hamerski, F., Giacobbo, A., Bernardes, A.M., Zoppas-Ferreira, J., Rodrigues, 
M.A.S.: Constructed floating wetland for the treatment of domestic sewage: A real-scale study. 
Journal of Environmental Chemical Engineering 6, 5706–5711 (2018). 



12 

Calheiros, C.S.C., Ilarri, M., P.M.L. Castro, S.I.A., Pereira: Floating wetland islands to support 
biodiversity promotion in a freshwater pond. Abstract proceedings of WREM 2022 Conference: 
2022, The 5th International Symposium on Water Resource and Environmental Management. 
December 9-10, 2022 Webinar (2022) 

Calheiros, C.S.C., S.I.A. Pereira, Castro P.M.L.: Constructed wetlands as nature-based solutions. 
In book: An Introduction to Constructed Wetlands Edition: A.N. Jespersen. Chapter: 3. Publisher: 
Nova Science Publishers, Inc (2020a). 

Calheiros, C.S.C., Carecho, J., Tomasino, M.P., Almeida, C.M.R., Mucha, A.P.: Floating wet-
land islands implementation and biodiversity assessment in a Port Marina. Water 12, 3273 
(2020b). 

Colares G.S., Dell’Osbel,N., Wiesel P.G., Oliveira G.A., Lemos P., da Silva, H.Z., Lutterbeck 
F.P., Kist C.A., Colares L.T., Machado Ê.L.: Floating treatment wetlands: A review and biblio-
metric analysis. Science of Total Environment 714, 136776 (2020). 

Cicero-Fernandez, D., Expósito-Camargo, J.A., Peña-Fernandez, M.: Efficacy of Juncus mariti-
mus floating treatment saltmarsh as anti-contamination barrier for saltwater aquaculture pollution 
control. Water Science and Technology 85 (10), 2811 (2022). 

Deegan, L.A., Hughes, J.E., Rountree, R.A.: Salt marsh ecosystem support of marine transient 
species. In: Concepts and controversies in tidal marsh ecology. pp. 333-365. Springer, Dordrecht, 
(2002). 
 
Demarco, C.F., Carlos, F.S., Pieniz, S., Morselli, L.B.G.A., Andreazza, R.: Bioremediation of 
aquatic environments contaminated with heavy metals: A Review of mechanisms, solutions and 
perspectives. Sustainability 15, 1411 (2023). 

Hancock, M.: Artificial floating islands for nesting Black-throated Divers Gavia arctica in Scot-
land: construction, use and effect on breeding success. Bird Study 47(2), 165–175 (2000). 

Headley T.R., Tanner C.C.: Constructed wetlands with floating emergent macrophytes: An in-
novative stormwater treatment technology. Critical Reviews in Environmental Science and Tech-
nology 42, 2261–2310 (2012). 

Huang, X., Zhao, F., Song, C., Gao, Y., Geng, Z., Zhuang, P.: Effect of stereoscopic artificial 
floating wetlands on nekton abundance and biomass in the Yangtze Estuary. Chemosphere 183, 
510-518 (2017). 

Ijaz, A., Shabir, G., Khan, Q.M., Afzal, M.: Enhanced remediation of sewage effluent by endo-
phyte-assisted floating treatment wetlands. Ecological Engineering 84, 58–66 (2015). 

Karstens, S., Dorow, M., Bochert, R., Stybel, N., Schernewski, G., Mühl, M.: Stepping stones 
along urban coastlines-improving habitat connectivity for aquatic fauna with Constructed Float-
ing Wetlands. Wetlands 42, 76 (2022). 



13 

Karstens, S., Langer, M., Nyunoya, H., Čaraitė, I., Stybel, N., Razinkovas-Baziukas, A., Bochert, 
R.: Constructed floating wetlands made of natural materials as habitats in eutrophicated coastal 
lagoons in the Southern Baltic Sea. Journal of Coastal Conservation 25(4), 1-14 (2021). 

Li, H., Hao, H., Yang, X., Xiang, L., Zhao, F., Jiang, H., He, Z.: Purification of refinery 
wastewater by different perennial grasses growing in a floating bed. Journal of Plant Nutrition 
35(1), 93-110 (2012). 

Liu, J.L., Liu, J.K., Anderson, J.T., Zhang, R., Zhang, Z.M.: Potential of aquatic macrophytes 
and artificial floating island for removing contaminants. Plant Biosystems 150, 702–709 (2016). 

Liu, T., Xu, S., Lu, S., Qin, P., Bi, B., Ding, H., Liu, Y., Guo, X., Liu, X.: A review on removal 
of organophosphorus pesticides in constructed wetland: Performance, mechanism and influenc-
ing factors. Science of Total Environment 651, 2247–2268 (2019). 

Lubnow, F.S.: Using floating wetland islands to reduce nutrient concentrations in lake ecosys-
tems. National Wetlands Newsletter 36, 14–17 (2014). 

Lucke, T., Walker, C., Beecham, S.: Experimental designs of field-based constructed floating 
wetland studies: A review. Science of Total Environment 660, 199–208 (2019). 

Moody, R.M., Cebrian, J., Heck, K.L.Jr.: Interannual recruitment dynamics for resident and tran-
sient marsh species: evidence for a lack of impact by the Macondo oil spill. PLoS One 8(3), 
e58376 (2013). 

Nakamura, K., Tsukidate, M., Shimatani, Y.: Characteristic of ecosystem of an artificial vege-
tated floating island. Transactions on Ecology and the Environment 16, 171-181 (1997). 

Nawaz, N., Ali, S., Shabir, G., Rizwan, M., Shakoor, M.B., Shahid, M.J., Afzal, M., Arslan, M., 
Hashem, A., Abd_Allah, E.F., Alyemeni, M.N., Ahmad, P.: Bacterial augmented floating treat-
ment wetlands for efficient treatment of synthetic textile dye wastewater. Sustainability 12, 3731 
(2020). 

Pavlineri, N., Skoulikidis, N.T., Tsihrintzis, V.A.: Constructed Floating Wetlands: A review of 
research, design, operation and management aspects, and data meta-analysis. Chemical Engi-
neering Journal 308, 1120–1132 (2017). 

Pike, C., Crook, V., Gollock, M.: Anguilla anguilla. The IUCN Red List of Threatened Species 
2020, e.T60344A152845178 (2020). 

Prashant, Billore, S.K.: Macroinvertebrates associated with artificial floating islands installed in 
River Kshipra for water quality improvement. Water Science and Technology 81(6), 1242-1249 
(2020) 

Queiroz, R.C.S., Lôbo, I.P., Ribeiro, V.S., Rodrigues, L.C., Neto, J.A.A.: Assessment of autoch-
thonous aquatic macrophytes with phytoremediation potential for dairy wastewater treatment in 
floating constructed wetlands. International Journal of Phytoremediation 22, 518–528 (2020). 



14 

Rehman, K., Ijaz, A., Arslan, M., Afzal, M.: Floating treatment wetlands as biological buoyant 
filters for wastewater reclamation. International Journal of Phytoremediation 21, 1273–1289 
(2019). 

Salmon, Q., Colas, F., Westrelin, S., Dublon, J., Baudoin, J. M.: Floating Littoral Zone 
(FLOLIZ): A solution to sustain macroinvertebrate communities in regulated lakes? Ecological 
engineering 176, 106509 (2022). 
 
Shahid, M.J., AL-Surhanee, A.A., Kouadri, F., Ali, S., Nawaz, N., Afzal, M., Rizwan, M., Ali, 
B., Soliman, M.H.: Role of microorganisms in the remediation of wastewater in floating treat-
ment wetlands: A Review. Sustainability 12, 5559 (2020). 
 
Shealer, D.A., Buzzell, J.M, Heiar, J.P.: Effect of floating nest platforms on the breeding perfor-
mance of Black Terns. Journal of field Ornithology 77(2), 184-94 (2006). 

Strosnider, W.H., Schultz, S.E., Johnson Strosnider, K.A., Nairn, R.W.: Effects on the Underly-
ing Water Column by Extensive Floating Treatment Wetlands. Journal of Environmental Quality 
46, 201-209 (2017). 

Sun, L., Liu, Y., Jin, H.: Nitrogen removal from polluted river by enhanced floating bed grown 
canna. Ecological Engineering 35, 135–140 (2009). 

Tao, W., Wang, J.: Effects of vegetation, limestone and aeration on nitritation, anammox and 
denitrification in wetland treatment systems. Ecological Engineering 35, 836–842 (2009). 

Thampatti K.C.M., Beena, V.I., Meera, A.V., Ajayan, A.S.: Phytoremediation of Metals by 
Aquatic Macrophytes. In: Shmaefsky, B.R. (ed.). Phytoremediation, Concepts and Strategies in 
Plant Sciences, pp. 153-204. Springer. (2020). 

Tusief, Q., Mohsin, M., Malik, M.H., Asghar, H.N., Sardar, S.: Textile wastewater treatment 
through plant–microbe synergism in a floating treatment wetland system. AATCC Journal of 
Research 9(4), 182–193 (2022).  

Urakawa H., Dettmar D. L., Thomas S.: The uniqueness and biogeochemical cycling of plant 
root microbial communities in a floating treatment wetland. Ecological Engineering, 108, Part B, 
573-580 (2017). 

Wang C-Y, Sample, D.J.: Assessment of the nutrient removal effectiveness of floating treatment 
wetlands applied to urban retention ponds. Journal of Environmental Management 137, 23–35 
(2014). 

Wang, C.Y., Sample, D.J., Day, S.D., Grizzard T.J.: Floating treatment wetland nutrient removal 
through vegetation harvest and observations from a field study. Ecological Engineering 78, 15–
26 (2015). 

WWAP (United Nations World Water Assessment Programme)/UN-Water. The United Nations 
World Water Development Report 2018: Nature-Based Solutions for Water. Paris, UNESCO. 
(2018). 



15 

Zanin G., Bortolini L., Borin M.: Assessing stormwater nutrient and heavy metal plant uptake in 
an experimental bioretention pond. Land 7, 1–16 (2018). 

Zhu L., Li Z., Ketola T.: Biomass accumulations and nutrient uptake of plants cultivated on arti-
ficial floating beds in chinas rural area. Ecological Engineering 37, 1460–1466 (2011).  


