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 Premise 

The purpose of this technical report is to define multiple synthetic monitoring plans divided by macrocategories, 

describing both their generic and specific goals and their application. For each macrocategory the main monitoring 

techniques are defined, through the description of methods, parameters, timing and estimation of costs (materials and 

human resources). The 3rd section contains an example of a species-specific management plan, necessary for the 

following steps of the Project, and in the Appendix some field forms are given, relatively to some of the monitoring 

techniques described in the present document. 

 

Section 1: Introduction 

Protection of biodiversity requires a constant effort from a technological and scientific point of view, in respect to 

the European directives and guidelines. Many factors represent a threat to this resource, including the so-called IAS 

(Invasive Alien Species), which constitute one of the main global causes of biodiversity loss, with negative effects on 

ecosystems, health and economy (estimating a loss of 12 billion euros each year in UE only). 

On February 14th, 2018, the D.Lgs. 230/2017 has been adopted in Italy, in order to incorporate the UE Regulation 

No 1143/2014, concerning introduction and diffusion of IAS. This decree gives the Regions, the Autonomous Provinces 

and the National Parks a primary role in monitoring and managing these issues, through specific action plans and 

restoration of damaged ecosystems. 

Monitoring represents a key tool to reach these goals, by individuating the main parameters necessary to determine 

the status of a species, such as presence/absence, distribution, abundance, and future trends. Data must be collected 

using standardized methodologies, in order to be repeatable and reproducible through time. Nevertheless, given the 

extreme biodiversity of IAS, no single monitoring protocol can be produced to examine all the variables, hence the 

necessity to produce different specific goals and to individuate different macrocategories. 
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 Section 2: Definition of monitoring actions 

 

1.1 Individuation of macrocategories 

As aforementioned, categorizing the species into broader macrocategories allows to detect periodical ecological 

patterns and to define common action plans directed to multiple species. Two criteria have been considered for the 

production of these categories: taxonomy and ecology. 

Taxonomy is a widely used criterion in conservation biology and faunal management plans, including the production 

of monitoring protocols. The main advantage is the ease of identification the target species, derived from a common 

ancestor and thus sharing some mutual physiological and behavioural features. Nevertheless, dividing the species 

according to this criterion represent two main risks. Firstly, some phylogenetically distant species which shares some 

common ecological features may not be grouped together, while they could be targeted with analogous protocols (such 

as net fishing for fishes and crustaceans); similarly, some closely related species could have faced different ecological 

pressures and evolved very dissimilar habits, for which the same monitoring protocols cannot be applied. 

On the contrary, ecological features may represent valid criteria to identify some common patterns among all the 

target species and to adopt some generic monitoring protocols. It is obvious that an overlap between ecological and 

taxonomical is inevitable, but the latter has not been used as a priority criterion.  

Here follows the proposed macrocategories: 

• category #1: TERRESTRIAL PLANTS 

• category #2: FRESHWATER AQUATIC PLANTS 

• category #3: MARINE PLANTS 

• category #4: TERRESTRIAL ANIMALS 

- subcategory #4.1: LOW-MOTILITY ANIMALS 

- subcategory #4.2: HIGH-MOTILITY ANIMALS 

• category #5: FRESHWATER ANIMALS 

• category #6: MARINE ANIMALS 

 

1.2 Monitoring actions  

The previous ecological macrocategories are hereby listed, together with a brief description of the main 

characteristics and the related monitoring actions.  
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  Category #1: TERRESTRIAL PLANTS 

Italy hosts a great plant diversity, thanks to its peculiar climatic, geomorphological, and biogeographical conditions 

which makes it a biodiversity hotspot, together with the Mediterranean basin. Some specific examples are represented 

by Tyrrhenian islands, Ligurian and Maritime alps, which hosts many endemic species as well. Direct anthropic factors 

represent a great threat to this rich natural resource, and introduction of invasive alien species contributes heavily to this 

negative picture.  

On the mainland, terrestrial plants are represented by those species which complete their lifecycle on drylands, such 

as agricultural fields, pastures, forests, woodlands, including areas close to rivers, or urban areas, and include trees, 

shrubs, herbaceous plants, climbing species, and generically all those species which requires a good amount of solar 

radiation and soil and which are not completely of partially submerged. 

In this category, IAS are mostly distributed among deeply stressed habitats (characterized by intense or less intense 

anthropic activities), as well as woodland and riparian habitats. A major part of the species has been detected in urban 

areas, followed by industrial areas and communication pathways (mainly roads), where these species have higher 

capacities of adaptation in terms of growth and diffusion, when compared to native species.  

 

2.2.1.1 BRAUN-BLANQUET PHYTOSOCIOLOGICAL METHOD 

Description: the phytosociological method (Braun-Blanquet, 1928), allows to recognize the types of vegetation based on 

their floristic, structural, ecological and dynamic characteristics. It consists in carrying out, in a chosen area 

of homogeneous botanical characteristics, based on physiographic and landscape criteria. A floristic survey, 

which is the list of all the entities present within this chosen area, is made. This is realized by drawing up a 

floristic list for each height range completed with the relative abundance of each species. Subsequently 

(synthetic phase) the various surveys are compared and the syntaxonomic processing is performed, leading 

to the definition of the botanical typologies through the floristic, ecological, and statistical comparison of the 

surveys carried out. In other cases, the collected data can be further processed (e.g. through cluster analysis 

or other statistical methods). 

Variables to be detected: minimum area (varies according to the type of vegetation to be monitored), environmental 

type of reference, identification of the species, relative coverage for the different layers. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable is four times a year, 

corresponding to the four seasons of the normal vegetative cycle. 

Staff required: the use of one plant technician for each analysis station is sufficient, although the use of two technicians 

is recommended. It is necessary to provide for the use of at least one hour for each sampling station, in 

addition to the time required for returning the data relating to the synthetic phase. 

Equipment: 

• field equipment: 

o GPS positioner 
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 o digital/paper support, pencil 

• laboratory equipment: 

o stereoscopic microscope 

Costs: medium-low. The costs, once the laboratory equipment useful for the microscopic recognition of the samples has 

been purchased, are related to the staff involved and the execution of each sampling campaign. 

Goals: the goal of monitoring is the characterization of the entirely set of plant species that make up the population of a 

certain study area, both in qualitative terms (floristic lists) and in its three-dimensional structure, with 

consequent definition of the type of habitat and/or of the phytosociological reference association. About 

the study of allochthonous species, the method can be used both to obtain qualitative information, on the 

presence/absence of certain target species from the reference areas (through the preparation of floristic 

lists), and, above all, quantitative information, regarding the degree of entry of certain alien species into the 

populations examined, with an estimate of the relative coverage and evaluation of the effects on the 

phytosociological association reference (e.g. the presence of the same alien species in a given area can have 

different values on the basis of the relative percentages of coverage and/or any alteration of the 

syntaxonomy of the found population). 

 

2.2.1.2 BOTANICAL TRANSECT 

Description: the method of botanical transect is used to study in detail a certain vegetal association or to evaluate floristic 

and structural variations between different types along an ecological gradient. Is performed following a 

predetermined linear path ("transect") through the vegetated environment in characterization predicate, 

and describing the different species encountered in the surroundings. The inspection allows to detect the 

species present and to assign to each species an estimated value of abundance. Repeating the 

measurements over time can provide information on the dynamics of vegetation. 

Variables to be detected: reference environmental typology, identification of species, estimates of percentage coverage 

relative to the area covered by the detection transect. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: is required only one technician for each test station. Is needed at least one hour for each sampling station, 

in addition to the time needed for the restitution of summary phase data (more rapid than the previous 

Braun-Blanquet method, since only the floristic list of the beaten transect and the estimation of the relative 

percentages of coverage are provided, without proceeding to the phyto-sociological characterization of the 

stand). 

Equipment: 

• Field equipment: 

o GPS positioner 
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 o digital/paper support, pencil 

• laboratory equipment:  

o stereoscopic microscope 

Costs:  low. the costs, once the laboratory equipment used for the microscopic recognition of the samples collected has 

been purchased, shall relate only to the personnel involved and to the execution of each sampling 

campaign. The costs are lower than those budgeted for the previous Braun-Blanquet method, since only the 

floristic list of the chosen transect and the estimated percentage of coverage are provided, without carrying 

out the phyto-morphological characterisation of the stand. 

Goals: the goal of the monitoring is the characterization of the set of plant species that constitutes the population of a 

given study area, especially in qualitative (floristic lists) and semi-quantitative terms (estimates of 

percentages of coverage). Unlike the Braun-Blanquet method, the reference phyto-sociological association 

is not defined, to the advantage of the method’s rapidity. As part of the study of allochthonous species, the 

method can be used to quickly obtain qualitative information about the presence/absence of certain target 

species from the target ranges (by drawing up the lists of flowers), in addition to having an indicative estimate 

on their rate of ingression (particularly useful in case of incipient colonization and/ or recrudescence post-

containment interventions). 

 

2.2.1.3 REMOTE SENSING 

Description: the remote sensing method is used to study the overall distribution of a given plant combination or to assess 

the actual presence and spread of a plant species on the detected territory. It is performed by using an 

aircraft (usually a remote-controlled drone) equipped with multispectral sensors, capable of detecting the 

spectral signature of a particular object (in this case, a certain plant species), which is flown over the 

vegetated environment in predicate characterization, thus allowing both the detection of the spectral 

signature of the different species during the flight and the acquisition of images useful for subsequent 

processing. An essential prerequisite is the acquisition of the spectral signature for each species, which 

should be previously characterised by appropriate sampling and laboratory analysis. The area inspection 

shall make it possible to detect, during the flight phase, the presence and extent of all species of 

interest. Repeating the measurements over time can provide information on the dynamics of 

vegetation. This information should then be processed using appropriate software (e.g., GIS). 

Variables to be detected: spectral signature of the species, atmospheric conditions for monitoring, assessment of the 

accuracy of remote sensing. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: only one technician is needed, supported by staff with remote control aircraft pilot licence. Prevision 

should be made for the use of sampling and spectral signature time of the species of interest, drone 
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 preparation and overflight of the study area, in addition to the time required for the restitution of data 

related to the analysis phase using the computer. 

Equipment: 

• field equipment: 

o identification guides 

o software for data entry and analysis 

• remote sensing equipment: 

o remote sensing drones (camera, multispectral sensors) 

Costs: medium to high. The costs, once purchased or rented the equipment necessary for remote sensing, will be related 

both to the personnel involved and the execution of sampling, both to the application of the software for 

the subsequent identification of the distribution areas (in particular, the spectral signature characterisation 

phase for the target species, which is necessarily time and resource-consuming). The higher costs will 

therefore be attributable to the equipment needed to carry out the methodology. 

Goals: the goal of the monitoring is the multispectral characterization of the distribution of target plant species which 

form the stand of a given study area, especially in quantitative terms (estimates of percentages of coverage 

by one or more target species following processing with appropriate software). About the study of alien 

species, the method is particularly useful, despite the greater economic effort required, in the quantification 

of the areas occupied by plant species with rapid diffusion and strong colonizing capacity (e.g. invasive 

succulent plants capable of colonizing open land or occupied by garrigue/low Mediterranean maquis), 

and/or capable of rapidly forming single-specific stands in the enlarged areas (e.g. invasive species of tall 

stems, such as Ailanthus altissima and Robinia pseudoacacia, in disturbed tree and shrub stands). This 

method can be used to monitor the progress of any containment interventions and assess their ex-post 

effectiveness. The method can also be used to quickly obtain qualitative information about the 

presence/absence of certain target species (by detecting appropriately defined species-specific spectral 

signatures) in reference areas with access difficulties for a detector (e.g., environmental contexts 

characterised by particular acclivity, situations of gullies, ravines or blades, small island contexts), in addition 

to having an indicative estimate of the ingression rate of the same. In addition, in this case, the method is 

particularly useful in case of incipient colonization and/or assessment of any resurgence of post-containment 

treatments. 

 

2.2.1.4 PREDICTIVE MODELS 

Description: predictive models are based on algorithms related to the interpretation of population dynamics data of the 

species under investigation, whose regularities and trends are identified. The methodology consists in using 

presence and distribution data (both from previously collected data or new ones) of the surveyed target 

species, and, using statistical and computer models, predicting its future distribution. A first phase of data 

collection should be envisaged (search for ad hoc bibliographical references, distribution data, etc.). An 

integration of the database with more recent data (by carrying out, if necessary, further specific sampling in 

the area to be monitored, for which the most appropriate methodology can be used among those set out 
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 above), and, finally, a phase of statistical analysis useful to predict how the species being studied will spread, 

eventually transposing the results obtained into a digital distribution model (e.g. through GIS software). 

Variables to be detected: data on the population ecology of the species in question (distribution, ecology, etc.), available 

from existing bibliographic information or processed ad hoc through specific monitoring campaigns. 

Time scale: the data series under examination must cover significant time intervals for the elaboration of predictive 

hypotheses sufficiently robust, therefore the time scale for this type of analysis is necessarily very high (e.g. 

for plant species, intervals of years or decades depending on the growth and expansion dynamics of the 

different species). 

Detection frequency: any sampling to support the construction of the model must be carried out in accordance with the 

method chosen, for which reference is made to the previous descriptions. 

Staff required: only one technician is required, who knows how to use predictive models and cartographic 

processing. Prevision should be made for the use of sampling time (if recent data are missing) and for the 

collection of bibliographic data, as well as for the statistical processing of data and their transposition into 

GIS software. 

Equipment: 

• work materials: 

o identification guides (for additional sampling) 

o dedicated software for the insertion and statistical and distributive analysis of data 

Costs: not a priori measurable. The costs consist mainly in the hours/man to be used by trained personnel in the search 

for previous bibliographical data, in the costs of any additional sampling, and in the necessary resources for 

the statistical processing of the data. A sufficiently complete starting database allows the elaboration of 

relatively robust predictive models with limited use of resources, while an inadequate data set requires the 

implementation of information by ad hoc sampling, resulting in higher costs. 

Goals: the goal of the monitoring is predicting and monitoring the distribution of certain plant species within a study 

area. As part of the study of alien species, the method may be used to obtain qualitative information on 

potential areas which could be reached and/or colonised in the future by the concerned species, so as to 

have an indicative estimate on the rate of ingression of the same (particularly useful in case of incipient 

colonization). 

 

2.2.1.5 CITIZEN SCIENCE PROJECTS 

Description: citizen Science projects, of which there are many variants, are generally defined as that complex of activities 

linked to specific scientific research in which simple citizens participate: the definition therefore brings 

together a series of actions that are also very different from each other, united by the fact that the 

participation of citizenship in activities related to science. The contribution of the population in the active 

surveillance on the territory can be a crucial resource in the signalling of target species, being able to allow 

both the early identification as well as a constant and capillary monitoring on the territory. In the case of 
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 citizen science environmental monitoring activities, they must invariably provide for a first phase of active 

training of participants in the morphological recognition of the target species and, where appropriate, the 

use of simple tools necessary to detect and report the presence and distribution of the target species (e.g. 

field binoculars, GPS tools, basic computer skills to allow the entry of data collected in free access online 

databases). At a later stage, the reports will be fed into a free access database, where experienced personnel 

will validate them. 

Variables to be detected: citizen Science environmental monitoring projects are surveyed by the target species, often in 

terms of presence/absence (in particular for plant species). 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. The period during which the 

survey sessions are carried out is determined by the project timing (two days, one month, year-round, etc.). 

Staff required: only one technician is required, who can validate the photographs of the species reported by the project 

participants. 

Equipment: 

• materials for work: 

o ad hoc digitals platforms  

o informative support for campaigns 

Costs: low. The necessary resources are those relating to the training of the citizen-scientist involved in the project and, 

secondly, in the analysis of the data provided by the citizenship. Effective and good quality training is 

essential to reduce the main problems involved in using such initiatives, consisting mainly of errors or 

difficulties in identifying the species committed by the citizen-scientist, resulting in false positives/negatives. 

Goals: the goal of the monitoring technique is to succeed, through the involvement of the citizens, in identifying and 

mapping the distribution of specific plant species, especially in qualitative terms. As part of the study of alien 

species, the method can be used to obtain rapidly and widely qualitative information about potential areas 

occupied by the species-target, as well as to have an indicative estimate on the rate of ingression of the same 

(particularly useful in case of incipient colonization). The method is particularly effective for the monitoring 

of large or easily identifiable plant alien species, also for the possibility of supporting each sighting with 

photographic material, also of detail, which can be subsequently validated by technical experts. A further 

benefit of the application of the method is related to the dissemination of knowledge about the problem of 

alien species in the population involved in the project. In particular at training events, during which the 

correct data about the typology, the distribution and the dangerousness of the allochthonous species 

present in the territory are supplied, with consequent progressive sensitization of the active citizenship 

towards the problem. 
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  Category #2: FRESHWATER AQUATIC PLANTS 

Wetlands are threatened by many anthropic factors at different scales, from climate change to habitat degradation 

and destruction (reclamation, urbanization, etc.), including IAS introduction, for which aquatic ecosystems are particularly 

vulnerable, like rivers and lakes. Concerning the plants, water represents an ideal vector for fruits, seeds, and other parts 

of the plant, promoting their diffusion. 

The impacts caused by alien plant species are many, from the genetical to the ecosystem scale, and may alter the 

nutrient cycles. Temperature rises can contribute to the settling and diffusion of these species, which may lead to the 

local extinction of native plants. 

This category of plants includes the hydrophytes, meaning those species with great water requirements and which 

have adapted in floating or being submerged. Other adaptations are represented by leaves with a thin cuticle, wide 

stomates, well developed aeriferous parenchyma and eventual aerial roots. Many aquatic plants can reproduce easily 

through fragmentation, which contributes to their diffusion and invasiveness. 

. 

2.2.2.1 PHYTOSOCIOLOGICAL BRAUN-BLANQUET METHOD 

Description: the phytosociological method (Braun-Blanquet, 1928) is described in the previous macrocategory, but 

declined in the definition of associations concerning the main hydrophytes of fresh water. There are two 

monitoring phases: the first, more analytical, consisting in the relief and estimation of the relative abundance 

of the species; the second, synthetic, in the definition of the vegetation association. In case the humid 

environment to be investigated is a natural/artificial reservoir, it may be necessary to use a boat. 

Variables to be detected: minimum range (varying depending on the type of vegetation to be monitored), environmental 

type of reference, identification of species and relative coverage. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: it is required only one technician for each test station, although two technicians are recommended 

(necessary if the boat is to be used). Provision should be made for the use of at least one hour for each 

sampling station, in addition to the time required for the return of summary phase data. 

Equipment:  

• field equipment: 

o GPS positioner  

o digital/paper support, pencil 

o boat (adapted to the environmental context in investigation) 

o sampling material (jars/bags, knives, etc.) 

• laboratory equipment: 

o stereoscopic microscope 
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 Costs: medium to low. The costs, once the boat has been chartered and the laboratory equipment used for the 

microscopic recognition of the samples taken has been purchased, is related to the personnel involved and 

the execution of each sampling campaign. 

Goals: the goal of the monitoring is the characterisation of the set of plant species that constitutes the population of a 

given study area, both in qualitative terms (floristic lists) and in quantitative terms, with a consequent 

definition of the habitat typology and/or of the phyto-morphological reference association. As part of the 

study of allochthonous species in fresh water, the method can be used both to obtain qualitative information 

on the presence/absence of certain target species from the reference areas (through the drafting of floristic 

lists), and, above all, quantitative information on the degree of ingression of certain alien species within the 

populations examined. 

 

2.2.2.2 VEGETATION TRANSECT 

Description: the vegetation transect method is used to study in detail a certain plant association or to evaluate floristic 

and structural variations between different types along an ecological gradient. In the case of aquatic plant 

associations, it is applied starting from the shore and proceeding towards the centre of the reservoir, ending 

when no vegetation is detected at all four sampling points on the four sides of the sampling boat or when 

the maximum depth of the reservoir has been reached. The inspection shall allow the detection of the 

species present and the allocation of an abundance value (Kohler method) for each species identified. This 

technique gives the possibility of obtaining immediate information on the spatial structure of the populations 

under investigation and on the exploitation of the resources of the species that compose them. Repeating 

the measurements over time can provide information on the dynamics of vegetation. 

Variables to be detected: environmental typology of reference, transparency of water, errors associated with the 

recognition of species, lentic water. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. The latitude and altitude of 

the study area should also be taken into account. 

Staff required: only one technician is needed for each test station, although two technicians are recommended (necessary 

if the boat is to be used). Provision should be made for the use of at least one hour for each sampling station, 

in addition to the time required for the return of summary phase data. 

Equipment:  

• field equipment:  

o GPS positioner  

o digital/paper support, pencil 

o boat (adapted to the environmental context in investigation) 

o sampling material (cans/bags, knives, etc.) 



 

13 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 • laboratory equipment:  

o stereoscopic microscope 

Costs: medium to low. The costs, once the boat has been chartered and the laboratory equipment has been purchased, 

are related to the personnel involved and the execution of each sampling campaign. 

Goals: the goal of the monitoring is the characterisation of the set of plant species that constitutes the population of a 

given study area, especially in qualitative (floristic lists) and semi-quantitative terms (estimates of 

percentages of coverage). Unlike the Braun-Blanquet method, the reference phyto-sociological association 

is not defined, to the advantage of the method. As part of the study of allochthonous species, the method 

can be used to quickly obtain qualitative information about the presence/absence of certain target species 

from the target ranges (by drawing up the lists of flowers), in addition to having an indicative estimate on 

the rate of ingression of the same (particularly useful in case of incipient colonization and/ or recrudescence 

post-containment interventions). 

 

2.2.2.3 REMOTE SENSING 

Description: the remote sensing method is used to study the overall distribution of a given plant combination or to assess 

the actual presence and spread of a plant species on the detected territory. It is performed by using an 

aircraft (usually a remote-controlled drone) equipped with multispectral sensors, capable of detecting the 

spectral signature of a particular object (a certain plant species), which is flown over the vegetated 

environment characterization, thus allowing both the detection of the spectral signature of the different 

species contacted during the flight of the area in question and the acquisition of images useful for 

subsequent processing. An essential prerequisite is the acquisition of the spectral signature for each species 

to be surveyed, which should be previously characterised by appropriate sampling and laboratory 

analysis. The area inspection shall make it possible to detect, during the flight phase, the presence and extent 

of all species of interest. Repeating the measurements over time can provide information on the dynamics 

of vegetation. This information should then be processed using appropriate software (e.g. GIS). 

Variables to be detected: spectral signature of the species to be monitored, atmospheric conditions for monitoring, 

assessment of the accuracy of remote sensing. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: only one technician is needed, accompanied by staff with remote control aircraft pilot licence. Provision 

should be made for the use of sampling and spectral signature time of the species of interest, drone 

preparation and overflight of the study area, in addition to the time required for the restitution of data 

related to the analysis phase using the computer. 

Equipment: 

• field equipment: 
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 o identification guides 

o software for data entry and analysis 

• remote sensing equipment: 

o remote sensing drones (camera, multispectral sensors) 

Costs: medium to high. The costs, once purchased or rented the equipment necessary for remote sensing, will be related 

both to the personnel involved and the execution of sampling, both to the application of the software for 

the subsequent identification of the distribution areas (in particular, the spectral signature characterisation 

phase for the target species, which is necessarily time and resource-consuming). The higher costs will 

therefore be attributable to the equipment needed to carry out the methodology. 

Goals: the goal of the monitoring is the multispectral characterisation of the distribution of characteristic plant species 

which form the stand of a given study area, especially in quantitative terms (estimates of percentages of 

coverage by one or more target species following processing with appropriate software). In the context of 

the study of alien species, the method is particularly useful, despite the greater economic effort required, in 

the quantification of the areas occupied by plant species with rapid diffusion and strong colonizing capacity 

(e.g. invasive succulent plants capable of colonizing open land or occupied by garrigue/low Mediterranean 

maquis, and/or capable of rapidly forming single-specific stands in the enlarged areas (e.g. invasive species 

of tall stems, such as Ailanthus altissima and Robinia pseudoacacia, in disturbed tree and shrub stands). This 

method can be used to monitor the progress of any containment interventions and assess their ex-post 

effectiveness. The method can also be used to quickly obtain qualitative information about the 

presence/absence of certain target species (by detecting appropriately defined spectral signatures to be 

species-specific) in reference areas with access difficulties for a detector (e.g. environmental contexts 

characterised by particular acclivity, situations of gullies, ravines or blades, small island contexts), in addition 

to having an indicative estimate of the ingression rate of the same. Also in this case, the method is particularly 

useful in case of incipient colonization and/ or assessment of any resurgence of post-containment. 

 

2.2.2.4 ANALYSIS OF ENVIRONMENTAL DNA 

Description: the method consists of the collection of DNA fragments from organisms in the environment in which they 

live (biological fluids or tissue fragments), from which laboratory analysis (using DNA amplification and 

sequencing techniques), data of presence/absence and relative abundance of harvested species can be 

obtained. The aquatic environment lends itself optimally to this type of approach, thanks to the rapid 

dispersion and fragments in the water body and the ease of sampling. 

Variables to be detected: genetic material related to the species to be analysed. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: for the field phase, it is sufficient only one technician to take care of the collection of samples and the 

correct conservation. The analytical phase must provide for the preparation of the sample, the extraction, 
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 amplification by PCR and sequencing of the obtained amplicons, in addition to the alignment of the 

sequences on a specific basis and the phylogenetic interpretation of the results obtained. 

Equipment: 

• field equipment:  

o material for the storage of samples 

o sampling material (cans/bags, etc.) 

o boat (adapted to the environmental context in investigation) 

• analytical phase:  

o structures and equipment for extraction, amplification, purification and sequencing of environmental 

DNA samples 

o software for the insertion and analysis of phylogenetic data 

Costs: high. The costs relate mainly to the analytical phase, which includes the costs necessary for the processing of 

environmental DNA samples and their sequencing, usually in specialised laboratories. 

Goals: the goal of the monitoring is the environmental and specific characterization of freshwater plant organisms, 

especially in qualitative terms (checklist of plant species) and semi-quantitative (successive estimates of 

relative abundance, which however require the use of additional molecular techniques, resulting in 

increased costs). As part of the allochthonous species study, the method can be used to quickly obtain 

qualitative information about the presence/absence of certain target species in the wetland under study. 
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  Category #3: MARINE MACROPHYTES 

The Mediterranean basin constitutes one of the world biodiversity hotspots, hosting between 10.000 and 12.000 

plant and animal marine species (10% of all known marine species globally), thus requiring strict protection strategies for 

our and future generations. 

Climate change, together with habitat degradation, is causing relevant changes in flora and fauna of the 

Mediterranean basin, where the introduction of more alien species has been documented, leading to an alteration of the 

ecological and trophic patterns. The main causes of introduction are represented by anthropic factors, such as the 

opening of the Suez Canal, maritime transport (ballast waters or fouling) and aquaculture. 

Marine macrophytes live in aquatic, salty environment, and can be divided into marine plants and seaweeds, both 

unicellular and pluricellular. Algae do not have differentiated tissues, and their main colour can be helpful in their 

identification, mainly distributed from the surface to a depth of about 15-30 metres. 

 

 2.2.3.1 DIRECT COLLECTION METHOD  

Description: the method consists in obtaining a complete checklist of the species present for the study of macrophytic 

biodiversity, characteristic of each marine area. The methodology provides for a first phase of direct 

collection of samples (through herbage and integral scratching) along the coast using a boat, paying 

particular attention to the integrity of the thallus structure and traveling through various transects for the 

collection, going from the shore towards the open sea (keeping taking into account the bionomic planes and 

the morphology of the seabed). A second phase of subsequent taxonomic study of the macrophytes, 

including also the small epiphytic species, using the optical microscope and the stereoscopic microscope. 

This methodology is often combined with the one of coverage (discussed in the next sub-chapter) to define 

macrophytic associations. 

Variables to be detected: reference environmental typology and species identification. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: at least two technicians are required, of which an expert that will take care of the aquatic macrophytes 

during the surveys, in addition to the support staff assigned to the logistics of the means. In case of 

underwater detection transect/square detection transect, it is necessary to provide for the use of 

Underwater Scientific Operators (USO). At least two hours should be used for each sampling station, in 

addition to the time needed for morphological analysis of any samples collected by appropriate laboratory 

equipment. 

Equipment: 

• field equipment: 

o boat (adapted to the environmental context in investigation) 

o underwater equipment (also for photo documentation) 
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 o material necessary for the collection of macrophytes (jars, knives, etc.) 

• laboratory equipment: 

o optical microscope and stereoscopic microscope 

Costs: medium to low. The costs, once the laboratory equipment used for the microscopic recognition of the samples 

collected and those related to the sampling effort have been purchased, shall relate to the personnel 

involved and to the execution of each sampling campaign. 

Goals: the goal of the monitoring is the characterization of the greatest number of macrophytic species that make up the 

marine vegetal associations of the single marine-coastal areas, both in qualitative terms (floristic lists) that 

of three-dimensional structure of the same. As part of the study of allochthonous species, the method can 

be used to obtain qualitative information about the presence/absence of certain target species from the 

reference areas (through the drafting of floristic lists). 

 

2.2.3.2 HEDGING METHOD 

Description: the method consists of detecting the relative abundance of the individual species contacted on a portion of 

substrate and can be expressed as a surface measurement (m2) but more commonly as a percentage of 

coverage. The methodology consists of a survey that is carried out within a quite large elementary stand 

called "Minimum Qualitative Area" (MQA), so that the surface of the survey can be increased to reach the 

minimum extent that allows you to have a complete set of data to validly describe communities. When the 

number of species inventoried increases as the sampling area does, the area can be defined as "minimum 

stand area", which is the minimum substrate area where the maximum number of species of the test stand 

is found. This method, complementary to the purely qualitative approach of direct harvesting, makes it 

possible to define the phytosociological associations that are established between macrophytes in marine-

coastal environments. 

Variables to be detected: reference environmental typology, identification of species, Minimum Qualitative Area. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: it is necessary to employ at least two technicians, of which an expert that will take care of the aquatic 

macrophytes during the surveys, in addition to the support staff assigned to the logistics of the means. In 

case of underwater detection transect/square detection transect, it is necessary to provide for the use of 

Underwater Scientific Operators (USO). At least two hours should be used for each sampling station, in 

addition to the time needed for morphological analysis of any samples collected by appropriate laboratory 

equipment. 

Equipment: 

• field equipment: 

o boat (adapted to the environmental context in investigation) 
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 o underwater equipment (also for photo documentation) 

o material necessary for the collection of macrophytes (jars, knives, etc.) 

• laboratory equipment: 

o optical microscope and stereoscopic microscope 

Costs: medium to low. The costs, once the laboratory equipment used for the microscopic recognition of the samples 

collected and those related to the sampling effort have been purchased, shall relate to the personnel 

involved and to the execution of each sampling campaign. 

Goals: the goal of the monitoring is the morphological recognition and the estimation of the relative abundances of the 

macrophytic species that make up the marine vegetal associations of the single marine areas-coastal areas, 

in quantitative terms and in terms of the area occupied by macrophytic populations. As part of the study of 

alien species, the method can be used both to obtain qualitative information on the presence/absence of 

certain target species from the reference areas (through the drafting of floristic lists) and quantitative 

information on the degree of ingression of certain alien species within the populations examined, with an 

estimate of their coverage and an assessment of the effects on the reference phytosociological association. 

 

2.2.3.3 VISUAL CENSUS 

Description: the method consists of non-destructive sampling for the study of marine biodiversity, or even for subsequent 

applications of biological indices (e.g. CARLIT) that do not require an exhaustive list of flora. The monitoring 

technique makes use of the descriptive observation of the macrophytic diversity of the middle and infra-

coastal belt, without the need for the collection of samples, even from boat. It can take place along a 

transect, where an observation is made along a defined path, or a square, of a well-defined reference 

area. The methodology also includes a good knowledge of the study area and the biological community 

under consideration, and it is mainly used by experienced operators. The possible collection of samples of 

difficult recognition will be followed by a phase of morphological recognition in the laboratory. 

Variables to be detected: degree of transparency of water, identification of species of macrophytes present. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the method is 

four times a year, corresponding to the four seasons of the normal growing cycle, which may be reduced to 

spring and autumn. 

Staff required: it is necessary to employ at least two technicians, including an expert that will take care of the aquatic 

macrophytes during the surveys, in addition to the support staff assigned to the logistics of the means. In 

case of underwater detection transect/square detection transect, it is necessary to provide for the use of 

Underwater Scientific Operators (USO). At least one hour should be used for each sampling station, in 

addition to the time needed for morphological analysis of any samples collected by appropriate laboratory 

equipment. 

Equipment: 
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 • field equipment: 

o underwater equipment (also for photo documentation) 

o material necessary for the collection of macrophyte samples (jars, knives, GPS, etc.) 

o boat (adapted to the environmental context in investigation) 

• laboratory Equipment: 

o optical microscope and stereoscopic microscope 

Costs: medium to low. The costs, once the laboratory equipment used for the microscopic recognition of the samples 

collected and those related to the sampling effort have been purchased, shall relate solely to the personnel 

involved and to the execution of each sampling campaign. 

Goals: the goal of the monitoring is the qualitative characterization (floristic lists) of the greatest number of species of 

macrophytes that make up the marine vegetable associations of the marine-coastal areas in the survey 

(Marine macrophytes are no longer present from the disphotic planes). As part of the study of alien species, 

the method can be used to obtain qualitative information about the presence/absence of certain target 

species in coastal environments with medium-low coastal bottom (through the drafting of floristic lists. 

 

2.2.3.4 REMOTE SENSING 

Description: the remote sensing method is used to study the overall distribution of a given plant association or to assess 

the actual presence and spread of a plant species on the seabed along the coast (intertidal zone). Is 

performed by using a drone, or even a remote-piloted submarine vehicle equipped with multispectral 

sensors, capable of detecting the spectral signature of an object (in our case of a certain plant species). The 

medium travels through the vegetated environment in predicate of characterization, thus allowing the 

detection of the spectral signature of the different species contacted during the immersion and the 

acquisition of the images useful for the successive elaborations. An essential prerequisite is the acquisition 

of the spectral signature for each species to be surveyed, which should be previously characterised by 

appropriate sampling and laboratory analysis. The inspection shall make it possible to detect the extent and 

presence of all species of interest. Repeating the measurements over time can provide information on the 

dynamics of vegetation. This information should then be processed using appropriate software (e.g. GIS). 

Variables to be detected: spectral signature of the species to be monitored, atmospheric conditions for monitoring, 

assessment of the accuracy of remote sensing. 

Time scale: seasonal, depending on the fluctuations of plant species throughout the year. 

Detection frequency: since the method has a seasonal time scale, the maximum resolution applicable to the same is four 

times a year, corresponding to the four seasons of the normal vegetative cycle. 

Staff required: it is sufficient to employ only one technician accompanied by staff in possession of the pilot licence for 

remotely controlled aircraft. It is necessary to provide for the use of sampling and spectral signature time 

for the species of interest, preparation of the medium and full survey of the study area, in addition to the 

time required for the return of data related to the analysis phase through the use of the computer. 
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Equipment: 

• field equipment: 

o identification guides 

o computer for data entry and analysis 

o boat 

o marine macrophyte sampling material (knife cans/bags) 

• remote sensing equipment: 

o drone/ROV 

o remote sensing equipment (camera, camera, multispectral sensors) 

Costs: medium to high. The costs, once purchased or rented the equipment necessary for remote sensing, will be related 

both to the personnel involved and the execution of sampling, both to the application of the software for 

the subsequent identification of the distribution areas (in particular, the spectral signature characterisation 

phase for the target species, which is necessarily time and resource-consuming). The higher costs will 

therefore be attributable to the equipment needed to carry out the methodology. 

Goals: the goal of the monitoring is the multispectral characterisation of the distribution of characteristic plant species 

which form the stand of a given study area, especially in quantitative terms (estimates of percentages of 

coverage by one or more target species following processing with appropriate software). In the context of 

the study of alien species, the method is particularly useful, despite the greater economic effort required, in 

the quantification of the areas occupied by rapidly spreading plant species with a strong colonizing capacity 

and/or capable of rapidly forming monospecific populations in the introduced areas (in particular the algal 

species). 

.  
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  Category #4: TERRESTRIAL ANIMALS 

Italy, located in the centre of the Mediterranean basin, hosts a great biodiversity and a high degree of endemic 

species, thanks to the extreme diversity of geological, topographical and climatic features. 50’000 terrestrial species are 

estimated to live here, constituted for a 90% by invertebrates (mostly insects). 

This richness is compromised by anthropic factors, and many species and ecosystems are facing a serious threat that 

may lead to their local extinction. According to the “Italian Red lists”, 9% of reptiles, 36% of amphibians and 27% of 

breeding birds are threatened, and IAS are one of the main actors in this picture. Specific action plans are required, 

together with monitoring protocols based on scientific data. 

 The high diversity in terms of ecological adaptations of these species lead to the necessity of dividing this group in 

two subcategories: low-dispersion animals (represented by rodents Rattus rattus and R. norvegicus) and high-dispersion 

animals (represented by those species which are characterized by fast dispersion habits, like insects and birds). 

 

2.2.4.1 TRAPPING FOR LOW-DISPERSION SPECIES 

Description: the capture of specimens as a direct detection method is one of the most widely used monitoring techniques 

for micro-mammals. Live traps, of various models depending on the needs, catch the animals and the target 

species, often associated with Capture-Marking-Recapture protocols in order to avoid counting the same 

individuals several times and introduce an overestimation of the population. Among the numerous models, 

we can mention, for the micromammals, the Sherman, Longworth, Trip-Trap and Pitfall traps, while for the 

number it is recommended to use at least 7x7 traps for each grid, and at least two replicas (grids/ transets) 

for each present environmental typology. 

Variables to be detected: number of individuals caught, species, biometric data, environmental reference type. 

Time scale: annual, during the breeding peaks of the animals, avoiding any hibernation seasons when present. 

Detection frequency: variable, from one to two sessions per year, depending on the species, which may have one or more 

reproductive peaks (e.g. rodents). 

Staff required: we recommend the use of teams of two people for each site or group of sites nearby, necessary for the 

positioning, inspection and possible capture-marking of individuals. Five to six consecutive sampling days are 

required for each session. 

Equipment: 

• field material 

• live traps, with baits 

• individual marking material (ear tags, dyes, etc.) 

Costs: average. Once the cost of the purchase of traps has been amortized, the following campaigns will have only the 

cost of the personnel involved and the basic preparation of the campaign. 

Goals: the goal of the monitoring is the characterization of a given area of investigation, both in terms of quality (list of 

species present in the territory) and of abundance of populations, divided by environmental typologies. As 
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 part of the study of alien species, this method can be applied both to monitor the presence/absence of 

certain target species from specific areas (such as islands or particularly sensitive areas) and to determine 

the absolute and relative abundance of these species within that study area, in order to quantify the degree 

of ingression of the species and the load it exerts on the environment. This methodology applies to those 

organisms with more limited dispersion capabilities (compared to other organisms like flying insects or 

birds), for which the trapping in a relatively restricted study area allows to have a reliable estimate on their 

current distribution.  

 

2.2.4.2 INDIRECT DETECTION 

Description: the presence of terrestrial species can also be assessed through indirect detection techniques, while taking 

into account the limitations of the methodology, exploiting the traces that the animals leave when they 

pass. Among the most used techniques stands out the research and analysis of birds of prey, capable of 

providing information on the community of micro-mammals of a territory, or the use of specific traps, called 

presence. In the latter case, they are tools that allow to recognize the presence of the animal starting from 

the traces that leave, like parts of hair (hair tubes), bite marks (Chew cards) or fingerprints (track plates). 

Variables to be detected: quantification of signs of presence, variables according to the techniques used; annotation of 

species. 

Time scale: annual, during the breeding peaks of the animals, avoiding any hibernation/hibernation seasons when 

present. 

Detection frequency: variable, from one to two sessions per year, depending on the species, which may have one or more 

reproductive peaks (e.g., rodents). 

Staff required: one operator is sufficient for the positioning of traps and periodic inspection (not daily) as well as for 

subsequent laboratory testing. Time should be allowed for any analysis of the data (such as hair samples) at 

the laboratory stage. 

Equipment: 

o field material 

o presence traps 

o laboratory equipment 

o stereoscopic microscope (for possible laboratory analysis of hair, bones, etc.) 

Costs: average. Necessary the cost of the purchase of the traps, of the personnel involved for the preparation and the 

basic development of the campaign, for considering the laboratory equipment for subsequent analyses. 

Goals: the goal of the monitoring is the characterisation of the composition of the species community in a given study 

area, especially in qualitative (presence/absence) and semi-quantitative terms (estimates of abundance 

possibly based on frequency classes). In the case of the alien species study, this methodology may be used 

to assess the presence of a specific target species in a new area of interest for which no information is 

available. Compared to live trapping, indirect analysis of the presence of a species has the advantage of 
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 requiring less investment in time and human resources, being the occasional collection of data over time 

(trapping campaigns, for comparison, in vivo need more consecutive days of sampling and more 

operators). As with the previous method, this protocol applies to those species which are characterized by a 

low vagility, having these dispersion capacities more limited than other organisms (for example flying insects, 

birds, etc.). 

 

2.2.4.3 PHOTO TRAPPING 

Description: photo-trapping (also called camera-trapping) is a survey and monitoring tool widely used in wildlife. In recent 

decades. It consists in the placement, within the area of interest, of automatic cameras and camcorders, 

which are able to activate, through a photocell, the passage of an animal and to record a photo or a video of 

it. This methodology therefore allows us to collect data at predetermined points in a standardized manner, 

possibly also collecting a series of metadata associated with photos or videos such as the time, date or 

temperature of the moment of the shot. The combination of this information makes photo trapping an 

excellent tool for the study of relative or absolute subscriptions, depending on the needs and the applied 

indices. 

Variables to be detected: passage of animals taken from photos/camcorders; identification of individuals where possible. 

Time scale: annual, preferably during the breeding peaks of the animals, avoiding any hibernation/hibernation seasons 

when present. 

Detection frequency: an annual session is sufficient, provided is prolonged over time that is in the order of 

weeks/months. Periodic inspections are required to ensure the status of the equipment and to collect data. 

Staff required: a single operator is sufficient to position photos/camcorders and data recovery. The presence of one or 

more additional operators shall be assessed when the sampling effort intensifies. The greatest effort is to be 

understood in the hours spent analysing the photographic/video samples after the collection of memory 

cards in the field. 

Equipment: 

• field material 

• cameras/video cameras 

• material for data analysis 

• computer for image/video analysis 

Costs: medium-high. Is necessary to purchase photographic equipment and any repairs/ replacements. 

Goals: the goal of the monitoring is the characterisation of the composition of the species community in a given study 

area, both in qualitative terms (presence/absence) and in semi-quantitative terms (estimates of relative 

abundance). Where is possible, through photographic/video analysis, the recognition of individuals, an 

extensive photo-trapping campaign can also return quantitative data, through the production of estimates 

of absolute abundance in a given area. In the case of the alien species study, this methodology may be 

applied to assess the presence of target species in newly surveyed areas, and to assess the abundance of 
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 one or more populations in an area where the presence is already established but no data on the extent of 

these are available. As with previous methods, this protocol applies to low-vagility species and has lower 

human resources sampling effort as an advantage over them, requiring the phototraps to be periodically 

revised but distributed over relatively long periods (weeks/months). The main disadvantage is the economic 

burden, due to the investment in the purchase of video/photographic equipment and their maintenance. 

 

2.2.4.4 BREEDING BIRD SURVEY 

Description: this census and monitoring technique is based on the method called Breeding Bird Survey, specific for 

avifauna. This investigation is applied through the creation of linear transects placed inside squares of 1 km2 

randomly generated in space. The surveyors shall carry out censuses in the early hours of dawn during the 

reproductive period of the spring season, through two transects 1 km long each within each square. The 

birds are divided into categories of distance from the transect, and eventually information is collected about 

the habitat travelled during the inspection. 

Variables to be detected: identification of the species; distance from the transect; habitat concerned. 

Time scale: annual, depending on the reproductive peak of the species (from April to June in the case of the ornithopod). 

Detection frequency: two mornings per square each year, one for each of the two transects inside. 

Staff required: the use of a transect operator is sufficient. Evaluate the presence of multiple operators in the case of an 

extended number of squares, to cover several points simultaneously by concentrating them in the 

reproductive period. In addition to the time spent in the field for each sampling station, provision should be 

made for the time required to return the summary phase data. 

Equipment: 

• field material 

• notebook 

• binoculars 

Costs: low. The expenditure is intended for the staff involved and the purchase of any binoculars for monitoring. 

Goals: the goal of the monitoring is the characterisation of the bird community in a given study area, both in qualitative 

terms (presence/absence) and in quantitative terms (estimates of abundance). In the case of the alien 

species study, this methodology may be applied in the early identification of certain target species, in areas 

where their presence has not yet been established, and estimates of their abundance in a given 

habitat/environment/area of interest. Unlike the previous techniques, this monitoring protocol applies to 

species with high vagility that is characterized by a high dispersion capacity. In this particular case, this 

methodology, which is specific to birds, has the advantage of requiring a low investment from the point of 

view of staff and equipment, since an operator with binoculars is needed for each site. However, is advisable 

to provide for the presence of multiple operators where the sampling effort is substantial, in order to 

concentrate the censuses during the reproductive period and avoid over-sampling. 

 



 

25 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 2.2.4.5 DISTANCE SAMPLING 

Description: the distance sampling method is based on the use of linear transects or point surveys in which the abundance 

of organisms surveyed is estimated from the distance detected by the observer. The transect can be 

travelled by foot or by vehicle, including boats, travelling at constant speed over the areas to be 

investigated. In the case of point relief, the observer shall carry out his observations within a fixed and 

constant period for each station. This method finds its application in the estimation of abundance of 

populations whose number would be unrealistically estimated through sample areas by the default 

extension. 

Variables to be detected: identification of the species; distance from the transect. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: one session per linear transect per year 

Staff required: at least two operators in the case of use of vehicles, one of which is a member of the driving and one to 

the census are sufficient. Evaluate the presence of multiple operators in the case of an extended number of 

squares to cover several points simultaneously by concentrating them in the reproductive period. In addition 

to the time spent in the field for each sampling station, provision should be made for the time required to 

return the summary phase data. 

Equipment:  

• field material 

• notebook 

• binoculars 

• means of transport (motor vehicle/boat, etc.). 

Costs: variable. From low in the case of transects walkable up to medium-high in the case of rental of motor vehicles/ 

boats. 

Goals: the goal of the monitoring is the characterisation of the bird community of a given study area, mainly with the aim 

of obtaining quantitative data (estimates of abundance). In the case of the study of alien species, this 

methodology can be applied in the early identification of some target species, in areas where their presence 

has not yet been established, but especially in the estimates of abundance of populations already 

settled. From the point of view of the necessary resources, in case the transect is linear such methodology 

has the advantage of requiring a low investment from the point of view of staff and equipment, being 

necessary an operator equipped with binoculars for each transect. The conditions vary if the transect is to 

be carried out over considerable distances or under special conditions requiring the use of motor vehicles 

or boats, if any, in the case of censuses in wetlands. Compared to the method of transects inside the squares, 

the present technique is easier to implement in the case of territories with complex topography, where roads 

or water routes are available. The basic assumptions is that the target species move often and preferably in 

group. 
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 2.2.4.6 CENSUSES THROUGH CITIZEN SCIENCE PROJECTS 

Description: these projects involve citizenship through actions of citizen science, already defined in the previous 

sections. The contribution of the population to active surveillance on the territory may be a crucial resource 

in the fight against invasive species, in particular against particularly recognisable and easy-to-contact animal 

species. Many projects have used this strategy (CSMON-LIFE, Life ASAP, SINAnet ISPRA), which initially 

provides for the production of information material aimed at facilitating the identification of target species 

by the citizens, and consequently the production of specific useful applications to collect these reports and 

put them into a common database, where they can be validated by experienced personnel. 

Variables to be detected: identification of the species; photographs (by citizens); checks and validation of information (by 

experienced staff). 

Time scale: since monitoring is entrusted to the citizenship, the whole course of the year is potentially valid as a data 

collection period. The period of effectiveness of the same is, however, variable from species to species. 

Detection frequency: variable, information is collected at different times by citizens. 

Staff required: only one expert technician is needed to analyse and evaluate the data collected by the citizen. 

Equipment: 

• materials for work: 

• ad hoc IT platforms 

• informative support for campaigns 

Costs: low. The necessary resources are those relating to the training of the citizen-scientist involved in the project and, 

secondly, in the analysis of the data provided by the citizenship. Effective and good quality training is 

essential to reduce the main problems involved in using such initiatives, consisting mainly of errors or 

difficulties in identifying the species committed by the citizen-scientist, resulting in false positives/negatives. 

Goals: the goal of the monitoring technique is to succeed, through the involvement of the citizens, in identifying and 

mapping the distribution of target species, especially in qualitative terms. As part of the study of alien 

species, the method may be used to obtain rapidly and widely qualitative information about potential target 

species areas. The method is particularly effective for the monitoring of easily recognizable and contactable 

alien species, also for the possibility of supporting each sighting by the citizen-scientist with photographic 

material, which can subsequently be validated by the experienced technician. A further benefit of the 

application of the method is related to the dissemination of knowledge about the problem of alien species 

in the population involved in the project. In particular at training events, during which the correct data about 

the typology, the distribution and the dangerousness of the allochthonous species present in the territory 

are supplied, with consequent progressive sensitization of the active citizenship in the face of the problem. 

 

2.2.4.7 CENSUS OF ROOST SITES 

Description: roosts are gathering sites where large groups of birds meet at the end of their daytime activities. A typical 

phenomenon of gregarious species, this behaviour allows to set up monitoring sessions based on the census 
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 of the species of interest in a few specific places, concentrating the activity of operators and obtaining 

reliable estimates. 

Variables to be detected: number of individuals; identification of species. 

Time scale: annual, depending on the activity peaks of the species (the roost is a phenomenon mainly linked to the non-

reproductive season, in the case of the avifauna in the autumn and winter season). 

Detection frequency: once a year. The surveys are carried out at dusk, when the animals return to the dorms and the 

visibility allows carrying out the census. 

Staff required: multiple operators. The number varies depending on the size of roost sites, which must be surveyed 

simultaneously to avoid over-sampling. In addition to the time spent in the field for each sampling station, 

provision should be made for the time required to return the summary phase data. 

Equipment: 

• field material 

• notebook 

• binoculars 

Costs: medium-low. Resources should be channelled into the personnel involved in monitoring actions. 

Goals: the goal of the monitoring is the quantification of target species populations in a given study area, with the aim of 

obtaining quantitative data with estimates of high level of reliability. In the case of the study of allochthonous 

species with gregarious roost formation habits, this technique allows to quantify the extent of the test 

population with a low approximation, concentrating these species in few specific points. The main advantage 

of this protocol is the relatively simple sampling and the obtaining of very reliable estimates, especially in 

the case of birds of considerable size, such as waders. The main disadvantage, on the contrary, is the reduced 

applicability of the method, this being reserved to the species with the aforementioned ecological-

behavioural characteristics. 

 

2.2.4.8 SURVEY OF NESTING SITES 

Description: many species have gregarious habits also during the nesting period, forming real reproductive colonies 

where large numbers of individuals are concentrated. Similarly to roost sites, monitoring censuses can be 

carried out directly at those nesting sites. 

Variables to be detected: number of individuals; identification of species. 

Time scale: annual, depending on the reproductive peaks of the species (spring for the avifauna). 

Detection frequency: once a year per site. 

Staff required: one or more operators, the number varies depending on the size of the reproductive colonies, which must 

be recorded simultaneously to avoid over-sampling. In addition to the time spent in the field for each 

sampling station, provision should be made for the time required to return the summary phase data. 
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 Equipment:  

• field material 

• notebook 

• binoculars 

Costs: medium-low. Resources should be channelled into the personnel involved in monitoring actions. 

Goals: the goal of the monitoring is the quantification of target species populations in a given study area, with the aim of 

obtaining quantitative data with estimates of high level of reliability. In the case of the study of alien species 

with gregarious habits characterized by the formation of reproductive colonies, this technique allows to 

quantify the extent of the test population with little approximation, concentrating these species in few 

specific points. The main advantage of this protocol is the relative simplicity of sampling and the obtaining 

of very reliable estimates. The main disadvantage, on the contrary, is the reduced applicability of the 

method, this being reserved to the species with the aforementioned ecological-behavioural characteristics. 

 

2.2.4.9 SPECIES DISTRIBUTION PATTERNS 

Description: identified with the Anglo-Saxon term Species Distribution Models (SDM), such models are based on the 

crossing of spatial, geographical, physical, and ecological information to be able to build the distribution of 

species through proper ecological maps. Based on the use of software based on Geographic Information 

Systems (GIS), these models allow to predict any future distributions of the species at a time of incipient 

colonization, providing a means of prevention against potential invasive species on the territory that require 

accurate monitoring. 

Variables to be detected: presence and/or abundance data of the species in the area concerned; geospatial data of the 

physical, climatic or ecological matrices that may influence the distribution of the species. 

Time scale: not influent, the monitoring technique is based on analysis of data already available. 

Detection frequency: not influent, the monitoring technique is based on analysis of data already available. 

Staff required: a single operator is sufficient, whose use will be channelled into the collection of data from specific 

literature and/or databases and from the elaboration of the models in question. 

Equipment:  

• material for data analysis 

• dedicated software for data processing and analysis (mainly geospatial, GIS) 

Costs: medium to low. Resources should be channelled into the personnel involved in data analysis and the possible 

purchase of dedicated electronic equipment and/or software. 

Goals: the goal of the monitoring is the construction of predictive models of species distribution, through the construction 

of maps of suitability for the presence of the species. In the case of the allochthonous species study, this 

methodology may be used to assess the presence of target species in areas for which no or no data are 

available. The advantage of this technique is to be able to build maps of potential presence of the species, 



 

29 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 in order to organize targeted monitoring expeditions and optimize the resources available. The 

disadvantage, in the present case, is the necessary presence of historical data in this regard, which takes into 

account, in addition to the distribution of the populations analysed, also the geographical, physical and 

ecological characteristics related to these data. 

 

2.2.4.10 TRAPPING FOR HIGH VAGILITY SPECIES 

Description: the trapping for flying fauna is mainly used in entomological monitoring, for calculating estimates of 

abundance. There are many types of traps, which are based on the attraction of insects through various 

stimuli. We mainly distinguish those that use visual stimuli, such as light traps for nocturnal or crepuscular 

insects, or others based on chemical stimuli, called chemotropic traps, which exploit pheromonal 

substances. Trapping for monitoring purposes is generally applied to follow flight curves during peaks where 

there is the highest frequency of reproductive events. 

Variables to be detected: number of individuals caught, identification of species. 

Time scale: seasonal, depending on the reproductive peaks of the species. 

Detection frequency: one or more times a year, in the case of species with more than one reproduction cycle in a year 

(bi-multivoltine); prolonged in time if necessary to analyse species whose biological cycle is not known. 

Staff required: sufficient an operator to set traps and collect individuals periodically. In addition to the time spent in the 

field for each sampling station, provision should be made for the timing necessary for the counting and 

recognition of individuals in the laboratory. 

Equipment: 

• field material 

• traps (of various types, such as bright or chemiotropic traps) 

• laboratory equipment 

• stereoscopic microscope 

Costs: average. Resources should be channelled into the personnel involved in the analysis as well as the purchase of 

traps and microscopes necessary for the collection and analysis of data. 

Goals: the goal of the monitoring is the characterization of the entomological community typical of a given area of study, 

both in qualitative terms (presence/absence) and in quantitative terms (estimates of abundance). In the case 

of the allochthonous species study, this methodology may be applied to assess the presence of a species in 

a given area for which no information is yet available or, where appropriate, to assess the extent of 

populations already settled through estimates of abundance. The advantage of this technique is that is 

possible to set up monitoring campaigns with relatively low economic costs, mainly related to the installation 

of traps in the study area. Possibly the cost can increase in case the difficult identification of the species 

makes it necessary the use of laboratory instrumentation for a proper analysis. 
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 2.2.4.11 ACOUSTIC ANALYSIS 

Description: bioacoustics analyses may be used to identify plant individuals infested with pathogenic insects, as in the 

case of Red Weevil. The sound produced by the movement and foraging of the larvae that feed on the wood 

can in fact be detected thanks to specific recording devices, especially during the first stages of colonization 

of the plant, when the concentration of larvae on the plant is still relatively low. 

Variables to be detected: acoustic patterns (detected by the instrument) species-specific. 

Time scale: seasonal, depending on the activity peaks of the species. 

Detection frequency: one or more times a year, in the case of multivoltine species such as the red weevil, aimed at 

monitoring the health status of potentially infested plant essences. 

Staff required: an operator using the equipment is sufficient during the monitoring phase. 

Equipment: 

• field material 

• piezo-electric microphone for the detection of the species. 

Costs: average. The resources shall be channelled into the personnel involved in the analysis and in the purchase of the 

acoustic devices necessary for sampling. 

Goals: the goal of the monitoring is the detection of certain species during the infestation phases, both in qualitative 

terms (presence/absence) and in semi-quantitative terms (indirectly exploiting the abundance of insects 

through an estimation of infested tree essences). In the study of alien species, this methodology can be used 

to analyse the ingression of target species in areas not yet colonized or to make an estimate of abundance 

in areas where the presence is already established. The advantage is the ease of application, managing to 

act in advance and to identify the species in an early stage of infestation. From the point of view of the 

necessary resources, the technique does not involve invasive inspection methods for the plant and, having 

the necessary equipment, the costs are amortised with the extensive analysis of large quantities of plant 

individuals analysed. 

 

2.2.4.12 OLFACTORY ANALYSIS 

Description: dogs can be used as biosensors in identifying insect infestations. Dogs specially trained for the purpose can 

detect the chemical traces released by the secretions of infected trees, as in the case of palms, or 

insects/eggs during the infestation. This technique is suitable for prevention strategies in the control of plant 

material in ports, stations, and more generally quarantine repositories for biosecurity controls. 

Variables to be detected: activity of the animal in the identification of the species. 

Time scale: seasonal, depending on the activity peaks of the species. 

Detection frequency: one or more times a year, in the case of multivoltine species such as the red awl, aimed at 

monitoring the health status of potentially infested plant essences. 
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 Staff required: it is sufficient to employ a specialist operator during the monitoring phase, with the presence of a trained 

detection dog. 

Equipment: 

• specially trained detection dog. 

Costs: medium-low. Resources should be channelled into the personnel involved in the training of animals for the 

purpose. 

Goals: the goal of the monitoring is the detection of certain species during the infestation phases, both in qualitative 

terms (presence/absence) and in semi-quantitative terms (indirectly exploiting the abundance of insects 

through an estimation of infested tree essences). In the study of alien species, this methodology can be used 

to analyse the ingression of target species in areas not yet colonized or to make an estimate of abundance 

in areas where the presence is already established. The advantage is the ease of application, managing to 

act in advance and to identify the species in an early stage of infestation. From the point of view of the 

necessary resources, the technique does not involve invasive inspection methods for the plant and 

expensive, and having the necessary equipment, the costs are amortised with the extensive analysis of large 

quantities of plant individuals analysed. 

 

2.2.4.13 THERMAL ANALYSIS 

Description: infrared cameras can be used to detect temperature increases in infested trees, as in the case of the palm 

weevil. The larvae that nourish inside the trunk generate in fact fermentative processes that involve an 

increase of the temperature inside the tissues and detectable also from the crown of the tree. 

Variables to be detected: abnormal variations in the temperature of the infested plant. 

Time scale: seasonal, depending on the activity peaks of the species. 

Detection frequency: one or more times a year, in the case of multivoltine species such as the red weevil, aimed at 

monitoring the health status of potentially infested plant essences. 

Staff required: an operator using the equipment is sufficient during the monitoring phase. 

Equipment: 

• field material 

• infrared cameras 

Costs: average. Resources should be channelled into the personnel involved in the analysis and in the purchase of the 

equipment necessary for sampling. 

Goals: the goal of the monitoring is the detection of certain species during the infestation phases, both in qualitative 

terms (presence/absence) and in semi-quantitative terms (indirectly exploiting the abundance of insects 

through an estimation of infested tree essences). In the study of alien species, this methodology can be used 

to analyse the ingression of target species in areas not yet colonized or to make an estimate of abundance 

in areas where the presence is already established. The advantage is the ease of application, managing to 
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 act in advance and to identify the species in an early stage of infestation. From the point of view of the 

necessary resources, the technique does not involve invasive inspection methods for the plant and 

expensive, and having the necessary equipment, the costs are amortised with the extensive analysis of large 

quantities of plant individuals analysed. 

 

2.2.4.14 ENVIRONMENTAL DNA ANALYSIS 

Description: the method consists of the collection of DNA fragments from organisms in the environment in which they 

live (biological fluids or tissue fragments), from which laboratory analysis, using DNA amplification and 

sequencing techniques, data of presence/absence and relative abundance of harvested species can be 

obtained. Soil can be subjected to this type of approach, thanks also to the ease of sampling. The 

permanence of these fragments, combined with the current techniques of amplification and sequencing of 

DNA, allows to obtain a checklist of the animal and plant species that populate or have populated the 

environment in question. 

Variables to be detected: DNA sequences belonging to the species of interest. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: once a year, necessary to monitor the state of presence and/or abundance, preferably in 

conjunction with the peaks of activity of the species. 

Staff required: for the field phase, it is sufficient to use only one technician to take care of the collection of samples and 

the correct conservation. The analytical phase must provide for the preparation of the sample, the 

extraction, amplification by PCR and sequencing of the obtained amplicons, in addition to the alignment of 

the sequences on a specific basis and the phylogenetic interpretation of the results obtained. 

Equipment: 

• field phase: 

o material for the storage of samples 

o sampling material (cans/bags, etc.) 

• analytical phase: 

o structures and equipment for extraction, amplification, purification and sequencing of environmental 

DNA samples 

o software for the insertion and analysis of phylogenetic data 

Costs: high. The costs relate mainly to the analytical phase, which includes the necessary costs for the processing of 

environmental DNA samples and their sequencing, usually in specialised laboratories. 

Goals: the goal of the monitoring is the detection of one or more species of a predefined study area, especially in 

qualitative (checklist of animal species) and semi-quantitative terms (successive estimates of relative 

abundance, which however require the use of additional molecular techniques, resulting in increased costs). 

As part of the study of alien species, this method is applied in the early identification of a target species in 

the early stages of colonization, when classic monitoring protocols would give unsatisfactory results to less 
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 intensive and relatively extensive campaigns. Predominantly, this technique is used for analysis of the 

presence/absence of a species in a certain matrix, through the identification of specific DNA sequences. 

However, it is possible, through the use of standardised protocols, to apply this method for quantitative 

analysis, by calculating the concentrations of DNA detected (in this case mainly in cases where presence is 

already established and abundance data are required). The main advantage of this technique is the possibility 

to analyse the presence of a species in the very early stages of colonization, going to act promptly with 

protocols of eradication/ containment ad hoc. At the same time, the main disadvantage is the application 

costs, both for the field part and for the analysis part.   
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  Category #5: FRESHWATER ANIMALS 

Lakes, rivers and wetlands are among the most biodiverse environments, thanks to the high concentration of 

resources and microhabitats, composed by different matrices like the surface, the water column, the bottom, riffle-pool 

areas, temporary puddles, etc. Globally, freshwater environments represent 0,01% of all the water and 0,08% of land, 

yet hosting over 100.000 living species (about 6% of all known species). 

Nowadays, we are unfortunately facing a constant degradation of these environments, both for direct and indirect 

causes driven by human activities. Italy has a higher number of IAS, compared to other European countries, especially 

among fishes (1 out of 2 species are exotic, caused mainly by voluntary introduction for fishing activities and aquaculture. 

Studying and monitoring freshwater cenosis is therefore fundamental, in order to get a better picture for the 

understanding of the perturbed ecosystem and the undertake of specific conservation measures.  

 

2.2.5.1 ELECTRO FISHING 

Description: electric fishing is one of the most used monitoring techniques to investigate the fishing community of a 

freshwater body. The varied composition of aquatic ecosystems involves the use of diverse sampling tools 

and modes, and it is not possible to define a single monitoring protocol valid for all environments. In 

principle, however, there are two main sampling procedures: the first is valid for wadable watercourses 

(maximum depth 0,7 - 1 m also depending on the current speed) and the second for non-wadable 

watercourses, lakes and artificial reservoirs. Both procedures involve non-lethal sampling and release of 

individuals to the same capture sites. 

Variables to be detected: species identification, sex (where possible), size, weight. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: once a year. 

Staff required: 3-4 people needed, with an average of 4-6 hours per site, depending on safety reasons related to the 

riparian and riverbed conditions. In addition, provision should be made for the timing of the return of 

summary phase data. 

Equipment: 

• Field material 

• Electrostunner 

• Rubber underarm boots or other insulating material 

• Personal protective equipment (helmet, life jacket, insulating gloves, first aid kit, etc.) 

• Net with insulating handle 

• Plastic containers for the transport and storage of captured specimens 

• Electronic digital scale 

• Ichthyometer 

• Boat (in the case of sampling in lentic or lotic large waters) 
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 Costs: high. The costs relate to the large number of operators involved, adequately trained and certified, as well as to the 

equipment required for sampling, subject to periodic safety reviews. 

Goals: the goal of the monitoring is the characterization of the fishing community of a given survey area, both in terms 

of quality (list of species present in the territory) and of abundance and structure of populations. As part of 

the allochthonous species study, this method can be applied both to monitor the presence/absence of 

certain target species from areas, and to determine the absolute and relative abundance of these species 

within that study area, to quantify the degree of ingression of the species and the load it exerts on this 

environment. This methodology also allows calculating the structure of the population, through the 

subdivision of the individuals caught in size classes, in order to obtain information related to the population 

dynamics of the species in question. Electrofishing is one of the most used monitoring techniques in the field 

of ichthyofauna, thanks to the high catch rate and the speed of execution, which takes place within a few 

hours. The main disadvantage is provided by the economic factor, since both the number of operators and 

the equipment required are expected to be relatively high costs for the implementation of the campaign 

(taking into account, however, that monitoring protocols in the aquatic environment are on average more 

expensive than in the terrestrial environment, regardless of the techniques used). 

 

2.2.5.2 USE OF FISHING NETS 

Description: the use of nets for the capture and monitoring of aquatic fauna implies the presence of equipment and 

techniques now consolidated over the years. Over time, countless types of nets and fishing techniques have 

been perfected, but their comprehensive description is beyond the scope of this report. However, two major 

macro-categories can be identified: 

• gillnets: nets whose operation is based on their arrangement in such a way as to form a vertical 

barrier and allow the prey to remain entangled (usually through the use of stoppers and sinkers for the 

maintenance of the position). There are many types of mail networks, with different operating 

techniques. They are in any case divided into two types: fixed (anchored to the bottom) and deriving (free to 

move with the current). 

• pots: nets consisting of a rigid metal or plastic mesh, with a typical funnel structure that allows 

the animal to enter and not be able to exit. This type of net is used not only for fish species but also for other 

categories of organisms, including crustaceans. 

Variables to be detected: species identification, sex (where possible), size, weight. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: once a year. 

Staff required: employ at least three people, with an average of 4-6 hours. In addition, provision should be made for the 

timing of the return of summary phase data. 

Equipment: 

• field material 
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 • nets 

• rubber underarm boots (in the case of wadable river sampling) 

• boat (if applicable in the case of sampling in lentic or lotic large waters) 

• plastic containers for the transport and storage of captured specimens 

• digital electronic scale 

• ichthyometer 

Costs: high. The costs relate to the high number of operators involved and the equipment required for sampling, including 

the boat. 

Goals: the goal of the monitoring is the characterization of the fishing community of a given survey area, both in terms 

of quality (list of species present in the territory) and of abundance and structure of populations. As part of 

the allochthonous species study, this method can be applied both to monitor the presence/absence of 

certain target species from areas, and to determine the absolute and relative abundance of these species 

within that study area, to quantify the degree of ingression of the species and the load it exerts on this 

environment. This methodology also allows calculating the structure of the population, through the 

subdivision of the individuals caught in size classes, in order to obtain information related to the population 

dynamics of the species in question. Net fishing is widely used in the area of ichthyofauna monitoring. The 

use of conventional nets is used where the use of the electrostunner is impractical due to the conformation 

of the bed, the current, the depth, etc. From the economic point of view, the purchase of networks 

represents the largest expenditure, which can be amortised over time. From the point of view of human 

resources, the number of operators may be slightly lower than electro fishing, although the time required 

for sampling is higher. 

 

2.2.5.3 MONITORING WITH MACROINVERTEBRATES SAMPLING NETS 

Description: the monitoring protocol involves the use of a net with a fine mesh (500 µm), similar to the one used for the 

calculation of the Extended Biotic Index (EBI), with which to sieve the body of water concerned. Where 

possible, sampling between vegetation and sediment should be carried out at different depths: surface, 

medium and close to the bottom. In order to compare measurements, it is necessary to define a unit of time 

for sampling, such as an hour or a fraction thereof. Monitoring should be repeated over the years in order 

to assess the consistency and numerical development of populations, and therefore sites should be selected 

where no anthropogenic interventions are foreseen which could significantly change their structure. 

Variables to be detected: identification of species, counting of individuals. 

Time scale: seasonal, depending on the activity peaks of the species. 

Detection frequency: one or more times during the year (up to one sampling per season), depending on the population 

dynamics of the species to be monitored. 
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 Staff required: the presence of a single operator is sufficient. However, the presence of a second person is recommended 

in stations with difficult access or security problems. In addition, provision should be made for the timing of 

the return of summary phase data. 

Equipment: 

• field material 

• sampling net 

• chest waders 

• buckets for the transport of the captured specimens. 

• field analysis equipment (trays, lenses, pliers, spoons, alcohol, etc.). 

• laboratory equipment 

• stereoscopic/biological microscope 

Costs: medium-low. Costs relate to the number of operators involved and the equipment required for sampling. 

Goals: the goal of the monitoring is the characterization of the invertebrate community of a given survey area, both in 

qualitative terms (list of species present in the territory) and quantitative (estimates of abundance). As part 

of the allochthonous species study, this method can be applied both to monitor the presence/absence of 

certain target species from areas, and to determine the absolute and relative abundance of these species 

within that study area, to quantify the degree of ingression of the species and the load it exerts on this 

environment. This method is used for the analysis of aquatic macro-invertebrate communities, with a 

relatively limited investment in human resources and equipment. The use of the microscope in the 

laboratory is indicated in the case of the presence of species whose dimensions require magnifying 

instruments for correct identification. 

 

2.2.5.4 CITIZEN SCIENCE PROJECTS 

Description: these projects involve citizenship through actions of citizen science, already defined in the previous 

sections. The contribution of the population to active surveillance on the territory may be a crucial resource 

in the fight against invasive species, in particular against highly recognisable and easy-to-contact animal 

species. Many projects have used this strategy (CSMON-LIFE, Life ASAP, SINAnet ISPRA), which initially 

provides for the production of information material aimed at facilitating the identification of target species 

by the citizens, and consequently the production of specific applications useful to collect such reports and 

put them in a common database, where they will be validated by experienced staff. 

Variables to be detected: identification of the species; photographs (by citizens); checks and validation of information (by 

experienced staff). 

Time scale: since monitoring is entrusted to the citizenship, the whole course of the year is potentially valid as a data 

collection period. 

Detection frequency: variable, information is collected at different times by citizens. 

Staff required: only one expert technician is needed to analyse and evaluate the data collected by the citizen. 
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 Equipment: 

• materials for work: 

o ad hoc informatics platforms 

o informative support for campaigns 

Costs: low. The necessary resources are those relating to the training of the citizen-scientist involved in the project and, 

secondly, in the analysis of the data provided by the citizenship. Effective and good quality training is 

essential to reduce the main problems involved in using such initiatives, consisting mainly of errors or 

difficulties in identifying the species committed by the citizen-scientist, resulting in false positives/negatives. 

Goals: the goal of the monitoring technique is to succeed, through the involvement of the citizens, in identifying and 

mapping the distribution of target species, especially in qualitative terms. The method is particularly 

effective for the monitoring of easily recognizable and contactable alien species, also for the possibility of 

supporting each sighting by the citizen-scientist with photographic material, which can subsequently be 

validated by the experienced technician. A further benefit of the application of the method is related to the 

dissemination of knowledge about the problem of alien species in the population involved in the project. In 

particular at training events, during which the correct data about the typology, the distribution and the 

dangerousness of the allochthonous species present in the territory are supplied, with consequent 

progressive sensitization of the active citizenship in the face of the problem. 

 

2.2.5.5 ENVIRONMENTAL DNA ANALYSIS 

Description: the method consists of the collection of DNA fragments from organisms in the environment in which they 

live (biological fluids or tissue fragments), from which laboratory analysis, using DNA amplification and 

sequencing techniques, data of presence/absence and relative abundance of harvested species can be 

obtained. The aquatic environment appears to be optimal to this type of approach, thanks to the rapid 

dispersion and fragments in the water body and the ease of sampling. The permanence of these fragments, 

combined with the techniques of amplification and sequencing of DNA, allows obtaining a checklist of animal 

and plant species. In addition to the production of presence/absence data, it is also possible to derive relative 

abundance data from the samples, thanks to the percentage of obtained sequences attributed to the various 

species. 

Variables to be detected: DNA traces belonging to the species of interest. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: once a year, necessary to monitor the presence and/or abundance status, preferably in conjunction 

with the activity peaks of the species. 

Staff required: for the field phase, is sufficient to use only one technician to take care of the collection of samples and the 

correct conservation. The analytical phase must provide for the preparation of the sample, the extraction, 

amplification by PCR and sequencing of the obtained amplicons, in addition to the alignment of the 

sequences on a specific basis and the phylogenetic interpretation of the results obtained. 
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 Equipment: 

• field phase: 

o chest waders (in the case of wadable river sampling) 

o boat (if applicable in the case of sampling in lentic or lotic large waters 

o material for the storage of samples 

o sampling material (cans/bags, etc.) 

• analytical phase: 

o structures and equipment for extraction, amplification, purification and sequencing of environmental 

DNA samples 

o software for the insertion and analysis of phylogenetic data 

Costs: high. The costs relate mainly to the analytical phase, which includes the costs necessary for the processing of 

environmental DNA samples and their sequencing, usually in specialised laboratories. 

Goals: The goal of the monitoring is the detection of one or more species of a predefined study area, especially in 

qualitative (checklist of animal species) and semi-quantitative terms (successive estimates of relative 

abundance, which however require the use of additional molecular techniques, resulting in increased costs). 

As part of the study of alien species, this method is applied in the early identification of a target species in 

the early stages of colonization, when classic monitoring protocols would give unsatisfactory results to less 

intensive and relatively extensive campaigns. Predominantly, this technique is used for analysis of the 

presence/absence of a species in a certain matrix, through the identification of specific DNA sequences. 

However, it is possible, through the use of standardised protocols, to apply this method for quantitative 

analysis, by calculating the concentrations of DNA detected (in this case mainly in cases where presence is 

already established and abundance data are required). The main advantage of this technique is the possibility 

to analyse the presence of a species in the very early stages of colonization, going to act promptly with 

protocols of eradication/ containment ad hoc. At the same time, the main disadvantage is the application 

costs, both for the field part and for the analysis part. 

 

2.2.5.6 VISUAL CENSUS 

Description: the Visual Census is a sampling technique that takes place in immersion and that allows to record the aquatic 

flora and fauna simply by observing the species and recording the sightings. It is usually carried out in 

immersion with the help of a self-contained breathing apparatus. Applied mainly in the marine environment, 

cases of application are also known in the aquatic environment, where the chemical-physical conditions of 

the basin allow it. 

Variables to be detected: number of individuals; area occupied by colonies (variable according to species and their 

biology). 

Time scale: annual, depending on the activity peaks of the species. 

Frequency of detection: once a year, better if in conjunction with the peaks of activity of the species. 
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 Staff required: it is necessary to employ at least two Scientific Divers, in addition to the support staff assigned to the 

logistics of the vehicles. At least two hours should be used for each sampling station, in addition to the time 

needed for morphological analysis of any samples collected by appropriate laboratory equipment. 

Equipment: 

• Field material 

• diving equipment for diving 

• boat 

• equipment for the delimitation of transects (ropes, weights, etc.) 

• any signalling buoys for site identification in subsequent samples 

• underwater data collection material (underwater notebook) 

Costs: high. The costs relate to the personnel involved, the rental of the boat and the diving equipment necessary for 

data collection. In addition, provision should be made for the timing of the return of those summary phase 

data. 

Goals: the goal of monitoring is the characterisation of the community of a given study area, both in qualitative terms 

(presence/absence) and in quantitative terms (estimates of abundance). In the case of the allochthonous 

species study, this methodology may be applied in the early identification of certain target species, in areas 

where their presence has not yet been established, and in the estimation of their abundance in a given area 

of interest. This protocol applies to both highly dispersive species, such as nectonic species, and sessile 

and/or benthic species. The main advantage that makes the Visual Census in a freshwater environment 

preferable to other traditional methods (fishing, poisons, and electro stunners) is given above all by the high 

environmental compatibility, factor that makes it an ideal protocol in protected areas. The disadvantage 

compared to other techniques is the high cost caused by the presence of the boat and specialized operators 

for scuba diving. 

 

2.2.5.7 FAUNAL TRANSECT SURVEY 

Description: observation and/or listening of all species along a predefined path, which may also provide for the estimation 

of the distance of each observation. Among the various types of wildlife monitoring we can mention, the 

Visual Encounter Survey (VES). It is mainly applied in the field of herpetology, which is based on the counting 

of individuals along transects or in known areas, including in wetlands where there are sites with difficult 

access to the water body but from which there is also good visibility of the banks. 

Variables to be detected: number of individuals and of any spawning. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: once a year, better if in conjunction with the peaks of activity of the species. 

Staff required: a single operator is sufficient, while considering a more intensive recruitment depending on the extent of 

the sampling, to be concentrated in the most active moments of the species of interest. In addition, provision 

should be made for the timing of the return of summary phase data. 
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 Equipment:  

• field material 

• binoculars 

• waders in the case of wadable waterbodies 

Costs: low. The costs relate to the personnel involved, and to the field equipment (binoculars and waders, if any). 

Goals: the goal of the monitoring is the characterisation of the community of a given area of study, both in qualitative 

terms (presence/absence) and in quantitative terms (mainly, through estimates of abundance). In the case 

of the allochthonous species study, this methodology may be applied in the early identification of certain 

target species, in areas where their presence has not yet been established, and in the estimation of their 

abundance in a given area of interest. This protocol is very versatile, as it does not require expensive 

equipment or large human resources, making it suitable for collecting data at relatively low cost. The 

constraint of this methodology is the applicability of the method, valid for those species whose identification 

is possible without diving or catching in the aquatic environment (e.g. aquatic reptiles, such as Trachemys 

sp.). 
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  Category #6: MARINE ANIMALS 

The Mediterranean basin is a biodiversity hotspot, with more than 17.000 species, of which one fifth is endemic. At 

the same time, its marine ecoregions show high levels of degradation, because of the threats they are exposed to such 

as IAS. Specifically, most of the introductions have been caused by Suez Canal opening, ballast waters of cargo ships, 

aquaculture and aquarium-related transports. 

To our days, about 1.000 species have been introduced in the Mediterranean Sea, with an estimate of a 50% 

stabilizing. These species can substitute the native species, causing a loss of biodiversity, alteration of the habitats, trophic 

chains and ecosystem processes, together with economical and sanitary impacts. 

Marine biodiversity protection is therefore a main goal for Italy, achievable through the adoption of standardized 

monitoring protocols and data collection, in order to transpose European obligations and guidelines. 

 

2.2.6.1 USE OF UNDERWATER CAMERAS AND SONAR 

Description: SONAR (Sound Navigation And Ranging) is a technique that uses the propagation of sound waves to identify 

and investigate objects below the surface of the water. Widely used for underwater and fisheries surveys, 

examples of the use of this technology for monitoring benthic communities are also known in the literature, 

in order to reconstruct detailed seabed maps describing the distribution and abundance of species of 

interest, identifying potential distribution areas on the appropriate seabed tracts. This methodology can be 

supported by video analysis via underwater cameras, in order to increase the level of detail and possibly 

predict the sampling of sediments in targeted areas. 

Variables to be detected: analysis of sonar devices; analysis of the videos performed. 

Time scale: annual. 

Detection frequency: once during the year. 

Staff required: 3-4 operators are required, responsible for driving the boat, using the equipment, and collecting any 

sediment samples. In addition, provision should be made for the timing of analysis of the data provided by 

the instrumentation, sediment analysis and return of the summary phase data. 

Equipment: 

• field material 

• boat (appropriate to survey basin) 

• SONAR equipment adapted to the type of information required 

• cameras 

• software for data processing 

• laboratory equipment 

• sediment analysis microscope (if designed) 

Costs: high. The costs relate to the personnel involved, necessary also in the possible phase of analysis of the sediments, 

to the chartering of the boat and the necessary equipment. 
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 Goals: the goal of the monitoring is the characterisation of the community of a given area of study, both in qualitative 

terms (presence/absence) and in quantitative terms (mainly, through estimates of abundance). In the case 

of the study of alien species, this methodology can be applied in the early identification of certain target 

species, in areas where their presence has not yet been established, but especially in estimates of abundance 

of marine communities. This technology is in fact mainly applied in the analysis of the extent of populations 

of benthic organisms, from algal prairies (e.g. Caulerpa sp.) to marine animal communities such as sponges, 

corals, etc. This technique allows a fine mapping of the biotic communities of the study area, returning 

valuable details for future management plans. The main disadvantage is mainly due to the economic factor, 

requiring such a monitoring protocol of very specific equipment and staff and high cost. 

 

2.2.6.2 VISUAL CENSUS 

Description: the Visual Census is a sampling technique that may take place in immersion and that allows to record the 

aquatic flora and fauna simply by observing the species and recording the sightings. In immersion, it is usually 

carried out with the help of a self-contained breathing apparatus. 

Variables to be detected: number of individuals; area occupied by colonies (variable according to species and their 

biology). 

Time scale: annual, depending on the activity peaks of the species. 

Frequency of detection: once a year, better if in conjunction with the peaks of activity of the species. 

Staff required: at least two operators, responsible for monitoring and guiding the boat. Evaluate the presence of multiple 

operators linked to the extent of sampling and safety reasons. 

Equipment: 

• Field material 

• diving equipment 

• boat 

• equipment for the delimitation of transects (peaks, dead bodies, etc.) 

• any signalling buoys for site identification in subsequent samples 

• underwater data collection material (underwater notebook) 

Costs: medium to high. The costs relate to the personnel involved, the rental of the boat and the diving equipment 

necessary for data collection. 

Goals: the goal of monitoring is the characterisation of the community of a given study area, both in qualitative terms 

(presence/absence) and in quantitative terms (estimates of abundance). In the case of the allochthonous 

species study, this methodology may be applied in the early identification of certain target species, in areas 

where their presence has not yet been established, and in the estimation of their abundance in a given area 

of interest. This protocol applies to both highly dispersive species, such as nectonic species, and sessile 

and/or benthic species. The main advantage that makes the Visual Census in marine environment preferable 

to other traditional methods (sonar, use of fishing nets, etc.) is given above all by the high environmental 
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 compatibility, factor that makes it an ideal protocol in protected areas. The economic factor remains, 

however, a limiting factor, as although the costs are lower than other monitoring techniques with specific 

equipment (see sonar, previous chapter) the presence of specialized operators and the use of any boats 

make it a technique not always applicable. 

 

2.2.6.3 USE OF FISHING NETS 

Description: the use of nets for the capture and monitoring of aquatic fauna implies the presence of equipment and 

techniques now consolidated over the years. Over time, countless types of nets and fishing techniques have 

been perfected, the comprehensive description of which falls outside the scope of this paper. However, two 

major macro-categories can be identified: 

• gillnets: nets whose operation is based on their arrangement in such a way as to form a vertical 

barrier and allow the prey to remain entangled (usually through the use of stoppers and sinkers for the 

maintenance of the position). There are many types of mail networks, with different operating 

techniques. They are in any case divided into two types: fixed (anchored to the bottom) and deriving (free 

to move with the current). 

• pots: nets consisting of a rigid metal or plastic mesh, with a typical funnel structure that allows 

the animal to enter and not be able to exit. This type of net is used not only for fish species but also for 

other categories of organisms, including crustaceans. 

Variables to be detected: species identification, sex (where possible), size, weight. 

Time scale: annual, depending on the activity peaks of the species. 

Detection frequency: once in a year, with an average of 4-6 hours per site. 

Staff required: at least 3 persons are required, with an average of 4-6 hours. In addition, provision should be made for 

the timing of the return of summary phase data. 

Equipment: 

• field material 

• nets 

• chest waders (in the case of wadable river sampling) 

• boat (if applicable in the case of sampling in lentic or lotic large waters) 

• plastic containers for the transport and storage of captured specimens. 

• digital electronic scale 

• ichthyometer 

Costs: high. The costs relate to the high number of operators involved and the equipment required for sampling, including 

the boat. 

Goals: the goal of the monitoring is the characterization of the fishing community of a given survey area, both in terms 

of quality (list of species present in the territory) and of abundance and structure of populations. As part of 
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 the allochthonous species study, this method can be applied both to monitor the presence/absence of 

certain target species from areas, and to determine the absolute and relative abundance of these species 

within that study area, to quantify the degree of ingression of the species and the load it exerts on this 

environment. This methodology also allows calculating the structure of the population, through the 

subdivision of the individuals caught in size classes, in order to obtain information on the population 

dynamics of the alien species under study. Net fishing is widely used in the area of ichthyofauna 

monitoring. In the case of the marine environment, the use of conventional nets is economically more 

sustainable than other techniques with specific equipment. The purchase of networks is in fact the largest 

expenditure, which can however be amortised over time. From the point of view of human resources, the 

number of operators is comparable to that of other techniques previously analysed. 

2.2.6.4 CITIZEN SCIENCE PROJECTS 

Description: these projects involve citizenship through actions of citizen science, already defined in the previous 

sections. The contribution of the population to active surveillance on the territory may be a crucial resource 

in the fight against invasive species, in particular against specific recognisable and easy-to-contact animal 

species. Many projects have used this strategy (CSMON-LIFE, Life ASAP, SINAnet ISPRA), which initially 

provides for the production of information material aimed at facilitating the identification of target species 

by the citizens, and consequently the production of specific applications useful to collect such reports and 

put them in a common database, where they will be validated by experienced staff. 

Variables to be detected: identification of the species; photographs (by citizens); checks and validation of information (by 

experienced staff). 

Time scale: since monitoring is entrusted to the citizenship, the whole course of the year is potentially valid as a data 

collection period. The period of effectiveness of the same is, however, variable from species to species. 

Frequency of detection: variable, information is collected at different times by citizens. 

Staff required: only one expert technician is needed to analyse and evaluate the data collected by the citizen. 

Equipment: 

• materials for work: 

o ad hoc IT platforms 

o informative support for campaigns 

Costs: low. the necessary resources are those relating to the training of the citizen-scientist involved in the project and, 

secondly, in the analysis of the data provided by the citizenship. Effective and good quality training is 

essential to reduce the main problems involved in using such initiatives, consisting mainly of errors or 

difficulties in identifying the species committed by the citizen-scientist, resulting in false positives/negatives. 

Goals: the goal of the monitoring technique is to succeed, through the involvement of the citizens, in identifying and 

mapping the distribution of target species, especially in qualitative terms. The method is particularly 

effective for the monitoring of easily recognizable and contactable alien species, also for the possibility of 

supporting each sighting by the citizen-scientist with photographic material, which can subsequently be 

validated by the experienced technician. A further benefit of the application of the method is related to the 
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 dissemination of knowledge about the problem of alien species in the population involved in the project. In 

particular at training events, during which the correct data about the typology, the distribution and the 

dangerousness of the allochthonous species present in the territory are supplied, with consequent 

progressive sensitization of the active citizenship in the face of the problem. 
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 1.3 Application in the Apulian Region  

This section aims to illustrate the main application examples of the monitoring techniques described in the previous 

chapters, focusing on the Apulian territory and thus extending its application potentials. 

 

2.3.1 OVERVIEW OF THE PROPOSED MONITORING TECHNIQUES 

This chapter relies on previously applied monitoring protocols in the Apulian territory. 

For the terrestrial plants, the most relevant IAS which have been subject of monitoring protocols are Ailanthus 

altissima, Robinia pseudoacacia, Acacia saligna, Yucca gloriosa, Carpobrotus edulis, Paspalum distichum, Senecio 

inaequidens. For Ailanthus althissima and Robinia pseudoacacia, through Life Project Alta Murgia (2013-2019), Braun-

Blanquet phytosociological technique and the botanical transect have been adopted. Similarly, for LIFE Zone Umide 

Sipontine (2010-2016), Braun-Blanquet technique has been adopted to monitor Carpobrotus edulis and Paspalum 

distichum. Other species like Yucca gloriosa and Acacia saligna have been monitored trough LIFE Diomedee (2018-still 

ongoing). 

Freshwater aquatic plants monitoring protocols have focused mainly on presence/absence data (Beccarisi et al., 

2007), through plant survey. 

Concerning marine macrophytes, the LIFE citizen science project CSMON-LIFE (Citizen Science MONitoring, 2016-

2019) has adopted specific campaigns, with the partnership of the Region, dedicated to giving the citizens the tool to 

detect IAS on the territory, such as Codium fragile and Caulerpa racemosa. 

Terrestrial animals with low-motility habits, such as micromammals, have been targeted by projects like LIFE 

Diomedee, concerning the eradication of Rattus rattus and R. norvegicus on the Tremiti islands. A different situation is 

represented by those species characterized by high capabilities of dispersion, as for the sacred ibis (Threskiornis 

aethiopicus), for which a specific National Management Plan (2020) has been adopted. Other citizen science projects like 

LIFE+ ASAP (Alien Species Awareness Program, 2016-2020) and CSMON-LIFE (Citizen Science MONitoring, 2016-2019) 

have focused on other species like the monk parakeet (Myopsitta monachus) and the rose-ringed parrakeet (Psittacula 

krameri). Among insects, trapping methods have been widely used, like for the spotted wind drosophila (Drosophila 

suzukii, Antonacci et al.,2017), or the red palm weevil (Rhynchophorus ferrugineus), on behalf of the Department of 

Agriculture. 

In freshwater environments, electrofishing is one of the most widely used monitoring techniques. In this respect, 

Bianco and de Filippo (2011), monitored the populations of Cyprinus carpio, Carassius auratus, Ameiurus melas, Lepomis 

gibbosus and other species inside Ofanto River Regional Park. Net fishing has been used for invertebrate species like 

Procambarus clarkii, together with other citizen science projects (LIFE+ ASAP 2016-2020) and a National Management 

Plan (2021). 

Marine environments have been investigated through netfishing and underwater visual census techniques, involving 

fishermen (Azzurro et al., 2016) to detect easily recognizable species, like Lagocephalus sceleratus. Visual census 

techniques may be used to monitor benthonic species like Arcuatula senhousia, Clythia hummelincki, Paraleucilla magna 

(Gravili et al., 2008; Longo et al., 2007; Mastrototaro et al., 2014). Also, the utilization of sonar instruments to map 
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 benthonic cenosis has been investigated, as for Matarrese et al. (2014), identifying species like Arcuatula senhousia inside 

the Gulf of Taranto.  

 

2.3.2 APPLICATION IN THE APULIAN TERRITORY 

While the previous chapter tries to depict a general picture of the main monitoring techniques used in the Apulian 

territory, this chapter wants to extend this picture, individuating those environments, target species and monitoring 

protocols which could be applied for the first time in this Region. 

Puglia Region has the most extended coastal development (865km) in Italy, with very different environments that 

can host a great variety of species, including IAS. Concerning marine macrophytes, visual census techniques and citizen 

science monitoring campaigns could be easily applied. 

On those rocky coastal environments difficult to access, and where exotic species may find a suitable habitat, remote 

sensing protocols may be used, in order to map the presence and the extension of the plant communities. 

On the contrary, for those easy-to-access environments like sandy beaches, where exotic species like Yucca gloriosa, 

and Carpobrotus edulis can rapidly spread, Braun-Blanquet surveys represent a very suitable monitoring technique, as 

confirmed by the experience of Life Project Diomedee. 

For freshwater aquatic plants, botanic transects can represent the best way to characterize the composition of the 

plant communities from a qualitative point of view. Species belonging to the genus Azolla and Lemna can be easily 

individuated and monitored with these relatively low-budget protocols. 

More than half of Apulian territory is plain, characterized by human activities such as agriculture and urbanization. 

These areas are more susceptible of being invaded by tree species, easily detectable through botanic transects and 

through citizen science projects. 

Particular attention must be directed to those high value territories represented by Protected Ares (Natura 2000 

network, Natural Reserves and Parks), where the concentration of native and eventually endemic species is higher, thus 

representing a greater risk for local biodiversity (see Life Projects Alta Murgia, Diomedee and Zone Umide Sipontine). 

Through qualitative and quantitative monitoring techniques (like Braun-Blanquet or botanic transects), IAS can be 

detected and quantified, and through data collection it will be possible to set up specific predictive models. 

Relatively to terrestrial animals, trapping techniques can be used for micromammals, but eradication protocols must 

be applied only in specific restricted areas where the ingression of new individuals can be easily monitored. In other 

context, trapping can be an efficient method to quantify the dimension of the local populations and to monitor population 

dynamics trends through time. 

For high-motility animals, like birds, in the Apulian region we can identify some species characterized by gregarious 

habits (during nesting season or through roost sites), like Threskiornis aethiopicus, Myopsitta monachus and Psittacula 

krameria, for which s can be applied. 

Flying insects can be monitored as well through trapping protocols, as for Halyomorpha halys, Aleurocanthus 

spiniferus, both considered agricultural pests, and Rynchophorus ferrugineus. For the latter, many monitoring protocols 

have been developed, based on chemicals, thermal or acoustic signals.  
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 In additions, some monitoring protocols dedicated to the early identification of expanding species have been 

proposed, based mainly on environmental DNA analyses. The most recent amplification and sequencing techniques 

allows to accurately identify the presence of some target species with a relatively low sampling effort, making it suitable 

for analysing new areas, as for the Argentine ant (Linepithema humile), still not widely distributed in the Region. 

In the freshwater environment, electrofishing represents one of the most common monitoring techniques, thanks 

to its broad applicability (like, for Apulian region, for Micropterus salmoides, Perca fluviatilis or Gambusia holbrooki. Also, 

Visual Census can be applied for some fish species. Netfishing can be applied both for vertebrates or invertebrates, as for 

Trachemys scripta spp. or Procambarus clarkii. For the latter, the macroinvertebrates sampling net can be used as well, 

together with other species like Potamopyrgus antipodarum (for which environmental DNA analyses have been already 

conducted from Goldberg et al. (2013). 

Marine IAS can be targeted through citizen science projects and through the collaboration with fishermen who may 

directly contact these species (like Callinectes sapidus, Percnon gibbesi, Fistularia commersonii, etc.). Specific campaigns 

based on netfishing or visual census monitoring protocols can be applied as well, both for vertebrates and invertebrates. 
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 Section 3: Exemplary management plan 

The present section describes an example of how a management plan could be structured, on the base of which the 

future specific management plans will be produced, relying on the previously described macrocategories. The sections of 

the document are illustrated, with a brief description of them. 

 

1. PREMISE 

This chapter will provide a general overview of the species, introducing the main goals of the monitoring plan and 

explaining the reasons behind the choice of that species. It will be an abstract of the report, detailed in the following 

chapters.  

Specifically, the chapter will provide a general introduction on the characteristics of the invasive species with a focus 

on the Apulian territory, with the most recent data about the following features: 

• velocity of diffusion 

• tendency to dominance 

• level of threat towards local biodiversity 

• extension at the regional level 

 

2. DESCRIPTION OF THE SPECIES 

The species will be described taxonomically, morphologically and according to its ecological habits. There will be a 

focus on its reproductive characteristics, life cycle and its typical habitats and species it interacts with. 

Specifically, the chapter describes the main morphological and ecological features of the species, with a focus on 

the modalities of spread and reproduction, highlighting the most important aspects (included at a local level) about the 

invasiveness of the species. 

 

3. DISTRIBUTION AND PATHWAYS OF INTRODUCTION  

The chapter will focus on the distribution of the species, starting from its original territory till its introduction around 

the globe and in Italy, with a special focus in Puglia Region (depending on the available data). Subsequently, the main 

drivers behind its current distribution will be analysed in detail, describing the main pathways of introduction and 

dispersal movement of the species. 

The chapter provides in detail the information about the national and international distribution of the species; the 

focus on the local scale is partially based on data previously collected during the same project (dedicated online 

databases, websites, scientific literature and documented sightings), integrating the data collected through the specific 

survey designed for the local managers of Protected Areas, in order to evaluate the risks related to the local IAS (up to 

five species for each area were identified), the most vulnerable habitats and other eventual ongoing projects. 
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 4. IMPACTS 

This section will be focused on the description of the impacts caused by the species, analysing the effects on the 

ecosystem through the interaction with biotic and abiotic factors, and individuating the eventual economic and sanitary 

impacts as well. 

 

5. REGULATORY ASPECTS 

Legislative and regulatory aspects are fundamental for the managers of the action plans, in order to respect 

European, national and/or local guidelines and set up campaigns based on standardized methodologies.  

 

6. MONITORING PLAN 

This chapter collects the information required to correctly apply the monitoring protocols, aiming at collecting 

information on the current distribution and abundance of the species. 

The chapter is composed of the following sections: 

• Bibliographic research: The main bibliographic tools are provided. Through bibliographic research, monitoring 

campaigns and previously documented sightings, all the data were collected and merged together, in order to 

provide a robust starting point from which we intend to set up the monitoring plan. 

• Description of the monitoring plan: the chapter describes the planned monitoring actions for each target 

species, evaluating the different techniques and declining them according to the different ecological condition 

of the target area. 

For each phase of the monitoring plan the main data output to provide are described, in order to produce 

homogeneous final reports. Specifically, the following outputs are required: 

- Mapping of the target species, the data will be provided through GIS softwares; 

- Sampling design: number of monitoring sites, technical details and materials required, as well as 

the temporal information to correctly carry out the operation: each plan has a temporal diagram 

with the description of the different steps; 

- Synthethic data format; the information provided by the technician are described, in order to 

produce a standardized report, including some exemplary survey cards 

• Eventual risks related to the monitoring operations: both for the environment and for the technicians 

• Evaluation of the monitoring results: the variables to evaluate the results of the monitoring plan are provided 

(e.g. in case of a target IAS, the reduction of the species in the intervention area). The chapter describes the 

measurement modalities of the parameters, and the sequence of required actions are described through a flux 

diagram. 

• Temporal structure of the monitoring plan, which synthetize the temporal features according to which the 

monitoring plan must be conducted. 
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7. MANAGEMENT PLAN (ERADICATION/CONTAINMENT) 

Through bibliographical surveys, monitoring campaigns and documented sightings, this chapter aims to collect all 

the proper information necessary to produce specific monitoring protocols. For each control strategy the general goals 

(eradication or containment) and the specific goals are analysed, depending on the different methodologies. The chapter 

will individuate the most efficient methodology to reach the previously described goals, defining the applicability. 

Specifically, the chapter describes: 

• Management plan goals. The main data on the target species, including its distribution at the regional level, are 

described, in order to individuate a feasible management objective (e.g. eradication/containment from a specific 

area). 

• Description of the management plan. The proposed management actions are described in detail, evaluating 

each action according to the different ecological variables. 

For each phase of the monitoring plan the main data output to provide are described, in order to produce 

homogeneous final reports. The monitoring plan describes in detail all the proposed steps, like: 

- Details on the machinery or other tools to be used to reach the proposed goals 

- Management of the collected IAS during the interventions 

• Eventual risks related to the monitoring operations: both for the environment and for the technicians 

• Temporal structure of the monitoring plan, which synthetize the temporal features according to which the 

monitoring plan must be conducted. 

• Staff required. The section provides information about the required skills for the employed staff, for each step. 

•  Evaluation of the monitoring results and future actions: The future actions to undertake depending on the 

monitoring and management phases are described, aiming at evaluating the effectiveness of the interventions, 

measured as reduction of the target species, absence of recolonization, etc. The chapter describes, through flux 

diagrams, the sequence of required actions and the temporal patterns which must be respected. 

 

8. PREVENTION AND COMMUNICATION  

Scientifically effective prevention and communication actions and suggestions will be described in this chapter, in 

order to cooperate with the population in containing the diffusion of the species on the territory. The chapter is based 

on the conclusions of the monitoring and management plans, as well as on the already existing strategies from other 

projects, aiming at reaching the main goal of this project. 

As well as the previous chapter, these actions contains information on the temporal range, required resources and 

cost estimates. A focus on the role of the institutions and the stakeholders in managing the distribution of the species is 

provided, aiming at explaining the necessity of controlling the target species and describing its impacts on the 

environment, economy and health. In this sense we underline how the behaviour of the citizenship may lead to the 

spreading of a new IAS on the territory, often unconsciously, and how proper communication campaigns may prevent 

these risks. 
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 The plan details the different communication steps that must be adopted, like: 

• Pre-monitoring plan phase 

• Pre-management plan phase 

• Post-management plan phase 

 

9. CONCLUSIONS  

This last chapter will provide the proper conclusions on the efficacy of the main monitoring techniques, analysing 

the points of strength and weakness of the proposed methodologies, compared to the initial goals proposed during the 

creation of the monitoring plan. 

 

10. BIBLIOGRAPHIC REFERENCES  

All the bibliographical references will be listed in this chapter.  

  



 

54 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Section 4: Bibliographic references 

 

Abraham, V. A., and Chandy Kurian. "Chelisoches moris F. (Forficulidae: Dermaptera), a predator on eggs and 

early instar grubs of the red palm weevil Rhynchophorus ferrugineus F. (Curculionidae: Coleoptera)." Journal of 

Plantation Crops 1 (1973): 147-152.  

Aguiar, F. C. F., and M. T. Ferreira. "Plant invasions in the rivers of the Iberian Peninsula, south-western Europe: 

A review." Plant Biosystems-An International Journal Dealing with all Aspects of Plant Biology 147.4 (2013): 1107-1119. 

Aguiar, Francisca C., et al. "Alien and endemic flora at reference and non‐reference sites in Mediterranean‐type 

streams in Portugal." Aquatic Conservation: Marine and Freshwater Ecosystems 17.4 (2007): 335-347. 

Aislabie, Luke & Verreycken, Hugo & chapman, Daniel & Copp, Gordon, Risk assessment for Gambusia 

holbrooki, 2019 

Al-Dosary, Naji Mordi, Shoki Al-Dobai, and Jose Romeno Faleiro. "Review on the management of red palm 

weevil Rhynchophorus ferrugineus Olivier in date palm Phoenix dactylifera L." Emirates Journal of Food and 

Agriculture (2016): 34-44. 

Aloise, Gaetano, Mara Cagnin, and Luca Luiselli. "Co-occurrence patterns in independently evolved groups of 

Mediterranean insectivorous vertebrates (lizards and shrews)." Amphibia-Reptilia 36.3 (2015): 233-243. 

Annecke, David P., and Vincent C. Moran. "Critical reviews of biological pest control in South Africa. 2. The 

prickly pear, Opuntia ficus-indica (L.) Miller." Journal of the Entomological Society of southern Africa 41.2 (1978): 161-

188.  

Antonacci, Rachele, et al. "Drosophilidae monitoring in Apulia (Italy) reveals Drosophila suzukii as one of the 

four most abundant species." Bull. Insectol 70 (2017): 139-146. 

APAT. Metodi Biologici per le Acque. Parte I. Manuali e Linee Guida, APAT, Roma (2007), 31 pp. 

Armstrong WP, 2009. Wayne's Word Lemnaceae   

Arrieta, Herrera. "Control studies on compositae weeds in highland pastures." Revista Corpoica 5.1 (2004): 76-

84.  

Asensi, A., B. Díez-Garretas, and J. Pereña. "Alien plants of coastal dune habitats in southern Spain." Plant 

Biosystems-An International Journal Dealing with all Aspects of Plant Biology 150.3 (2016): 477-483. 

Ashton, P. J. "Azolla infestations in South Africa: history of the introduction, scope of the problem and prospects 

for management." Water Quality Information Sheet (1992).  

Azzurro, Ernesto, et al. "New records of the silver-cheeked toadfish Lagocephalus sceleratus (Gmelin, 1789) in 

the Tyrrhenian and Ionian Seas: early detection and participatory monitoring in practice." (2016). 

Barone, Giulio, Gianniantonio Domina, and Emilio Di Gristina. "Comparison of different methods to assess the 

distribution of alien plants along the road network and use of Google Street View panoramas interpretation in Sicily 

(Italy) as a case study." Biodiversity Data Journal 9 (2021). 

Barrett, Neville S., and Colin D. Buxton. "Examining underwater visual census techniques for the assessment of 

population structure and biodiversity in temperate coastal marine protected areas." (2002). 

Bazzichetto, Manuele, et al. "Modeling plant invasion on Mediterranean coastal landscapes: An integrative 

approach using remotely sensed data." Landscape and Urban Planning 171 (2018): 98-106. 



 

55 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Beccarisi, L., et al. "Precisazione sulla distribuzione di alcune specie rare degli ambienti umidi della Puglia 

meridionale (Italia)." Inform. Bot. Ital 39.1 (2007): 87-98. 

Beccarisi, Leonardo, et al. "Habitat and flora monitoring in the regional nature reserve of" palude del conte e 

duna costiera di porto cesareo"(Puglia, Italy)." (2020). 

Benesperi, Renato, et al. "Forest plant diversity is threatened by Robinia pseudoacacia (black-locust) 

invasion." Biodiversity and Conservation 21.14 (2012): 3555-3568. 

Berry, Jocelyn A. "Drosophila suzukii: Pathways and Pathway Management by Regulation." Drosophila Suzukii 

Management (2020): 29. 

Bianco, Pier Giorgio, and Gabriele de Filippo. "Contributo alla conoscenza della fauna ittica d’acqua dolce in 

aree protette d’Italia." (2011). 

Blagojević, Milan, et al. "Seed bank of Amorpha fruticosa L. on some ruderal sites in Serbia." Journal of 

Agricultural Science and Technology B 5.2 (2015): 122-128. 

Brooks JE; Hussain I; Ahmad E, 1988. A partial research bibliography of the rose-ringed parakeet (Psittacula 

krameri). Islamabad, Pakistan: National Agricultural Research Centre, 16 pp. [Technical Report No. 15.]; Browne, Clare, 

Kevin Stafford, and Robin Fordham. "The use of scent-detection dogs." Irish Veterinary Journal 59.2 (2006): 97. 

Buckland, Stephen T., et al. "Introduction to distance sampling: estimating abundance of biological 

populations." (2001). 

Buosi, Alessandro. "Ecologia e tassonomia delle macrofite degli ambienti marino-costieri e lagunari 

dell'ecoregione mediterranea." (2015). 

Buosi, Alessandro. "Ecologia e tassonomia delle macrofite degli ambienti marino-costieri e lagunari 

dell'ecoregione mediterranea." (2015). 

Burch, Patrick L., and Shepard M. Zedaker. "Removing the invasive tree Ailanthus altissima and restoring natural 

cover." Arboriculture & Urban Forestry 29.1 (2003): 18. 

Burns, John R. "The reproductive cycle and its environmental control in the pumpkinseed, Lepomis gibbosus 

(Pisces: Centrarchidae)." Copeia (1976): 449-455. 

Burrack, Hannah J., et al. "Using volunteer-based networks to track Drosophila suzukii (Diptera: Drosophilidae) 

an invasive pest of fruit crops." Journal of Integrated Pest Management 3.4 (2012): B1-B5. 

Butler, Christopher John. Population biology of the introduced Rose-ringed Parakeet Psittacula krameri in the 

UK. Diss. University of Oxford, 2003. 

Calvino-Cancela, Maria, et al. "Alien plant monitoring with ultralight airborne imaging spectroscopy." PloS 

one 9.7 (2014): e102381. 

Cazzolla Gatti, Roberto. "Freshwater biodiversity: a review of local and global threats." International Journal of 

Environmental Studies 73.6 (2016): 887-904. 

Chabert, Stan, et al. "Ability of European parasitoids (Hymenoptera) to control a new invasive Asiatic pest, 

Drosophila suzukii." Biological control 63.1 (2012): 40-47.  

Cini, Alessandro, Claudio Ioriatti, and Gianfranco Anfora. "A review of the invasion of Drosophila suzukii in 

Europe and a draft research agenda for integrated pest management." (2012): 149-160. 



 

56 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Clarissa, et al. "Mapping the distribution of an invasive marine alga (Codium fragile spp. tomentosoides) in 

optically shallow coastal waters using the compact airborne spectrographic imager (CASI)." Canadian Journal of Remote 

Sensing 32.5 (2006): 315-329. 

Colket B, Church K. E. A Comparison of Traditional Counts and Distance Sampling Methods for Estimating the 

Abundance of Ute Ladies’-tresses (Spiranthes diluvialis). US Fish and Wildlife Service Chubbock Office Order No. 1448-

14420-03-M323A (2015) 

Colvin, Michael E., et al. "Strategies to control a Common Carp population by pulsed commercial 

harvest." North American Journal of Fisheries Management 32.6 (2012): 1251-1264. 

Converse, Carmen K., and Update By Nancy Eckardt. "Element stewardship abstract for." Robinia 

pseudoacacia (1984) 

Costa, Heather S., et al. "Monitoring the effects of granular insecticides for Argentine ant control in nursery 

settings." J. Agric. Urban Entomol 18.1 (2001): 13-22. 

Cucco, Marco, et al. "The spreading of the invasive sacred ibis in Italy." Scientific Reports 11.1 (2021): 1-13. 

Culurgioni, Jacopo, et al. "Distribution of the alien species Callinectes sapidus (Rathbun, 1896) in Sardinian 

waters (western Mediterranean)." BioInvasions Record 9.1 (2020). 

D’Orsi, Amilcare, and Marco Seminara. "Dati preliminari di abbondanza e distribuzione di Salmo fibreni Zerunian 

& Gandolfi 1990 nel bacino di Posta Fibreno (Italia Centrale): primo utilizzo del visual census." Studi Trentini di Scienze 

Naturali 87 (2010): 105-109. 

Daemane, Mahlomola E., Hugo Bezuidenhout, and Sarel S. Cilliers. "An ecological study of the plant 

communities in the proposed Highveld National Park, in the peri-urban area of Potchefstroom, South Africa." Koedoe: 

African Protected Area Conservation and Science 52.1 (2010): 1-8. 

Dahlsten DL, Hall RW, 1999. Handbook of Biological Control: Principles and Applications [ed. by Bellows TS, 

Fisher TW]. San Diego, New York: Academic Press, 1046 pp. 

DAISIE. European Invasive Alien Species Gateway, 2011.  

De Maio, Lucio; Capone Stefano, Gramegna Cristiano, Pignalosa Ciro. "Prima classificazione delle acque marino 

costiere della Regione Campania D.M. 260/10 2013-2015. 

Decreto legislativo 3 aprile 2006, n. 152. Norme in materia ambientale  

Del Vecchio, Silvia, Alicia Acosta, and Angela Stanisci. "The impact of Acacia saligna invasion on Italian coastal 

dune EC habitats." Comptes Rendus Biologies 336.7 (2013): 364-369 

Delfini, Claudia. "Strategia per l'ambiente marino" - ISPRA (2012): 13. 

development." Remote Sensing in Ecology and Conservation 5.3 (2019): 209-223. 

Díaz-Delgado, Ricardo, Javier Bustamante, and David Aragonés. "La teledetección como herramienta en la 

cartografía de especies invasoras: Azolla filiculoides en Doñana." (2008). 

Ding, Jianqing, et al. "Assessing potential biological control of the invasive plant, tree-of-heaven, Ailanthus 

altissima." Biocontrol Science and Technology 16.6 (2006): 547-566.  

Direttiva 2000/60/CE del Parlamento europeo e del Consiglio, del 23 ottobre 2000 

Domènech, Jordi, José Carrillo, and Juan Carlos Senar. "Population size of the Monk Parakeet (Myiopsitta 

monachus) in Catalonia." Revista catalana d'ornitologia (2003): 1-9 



 

57 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Dufour-Dror, Jean-Marc, and Tuvia Yaacoby. "Control of Acacia saligna with aminopyralid direct application." 

E. Fanelli. ENEA. “Invasioni Biologiche nel Mediterraneo. È possibile trasformare un problema in 

un’opportunità?” DOI 10.12910/EAI2016-005, 2016. 

European Food Safety Authority (EFSA), et al. "Pest survey card on Aleurocanthus spiniferus and Aleurocanthus 

woglumi." EFSA Supporting Publications 16.2 (2019): 1565E.  

Fabris, Tommaso. Il camera-trapping come strumento per lo studio e la gestione della fauna nella parte sud-

orientale del Parco Nazionale delle Dolomiti Bellunesi. BS thesis. Università Ca'Foscari Venezia, 2020. 

Ferrer Merino, Francisco Javier, and M. P. Donat-Torres. "Invasive plants in the coastal vegetal communities in 

Valencia (Spain)." Notulae Botanicae Horti Agrobotanici Cluj-Napoca 39.1 (2011): 9-17. 

Fogliata, Paolo, et al. "An ecological analysis of the riparian vegetation for improving the riverine ecosystem 

management: the case of Lombardy region (North Italy)." Landscape and Ecological Engineering (2021): 1-12. 

Fraga, Pere, et al. "Eradication of Carpobrotus (L.) NE Br. in Minorca." Invasive plants in Mediterranean Type 

Regions of the World (2005): 203-208.  

Furlanello, Cesare; Merler Stefano; Potrich Lorenzo. "GIS DBMS e modelli predittivi per il monitoraggio e la 

pianificazione ambientale" (1999). 

Gagic, R., R. Mihajlovic, and M. Glavendekic. "Acanthoscelides pallidipennis (Coleoptera: Bruchidae), a 

spermatophagous insect of indigo bush (Amorpha fruticosa L.) and its natural enemies in Serbia." Acta Herbologica 

(Serbia) (2008).  

Galil, Bella, Carlo Froglia, and Pierre Noël. CIESM Atlas of exotic species in the Mediterranean: Vol. 2: 

Crustaceans: Decapods and stomatopods. CIESM, 2002.  

Garcia-de-Lomas, Juan, et al. "First record of the North American black bullhead Ameiurus melas (Rafinesque, 

1820) in the Guadalquivir Estuary (Southern Spain)." Aquatic Invasions 4.4 (2009): 719-723. 

Gestione della popolazione di persico reale (Perca fluviatilis) nel Lago di Varese, Regione Lombardia, Quaderni 

della Ricerca n° 120 Ottobre 2010 

Gherardi, Francesca, and David M. Holdich, eds. Crayfish in Europe as alien species. CRC Press, 1999 

Gherardi, Francesca, et al. "Animal xenodiversity in Italian inland waters: distribution, modes of arrival, and 

pathways." Biological Invasions 10.4 (2008): 435-454. 

Ghetti L., Lorenzoni M., Carosi A., Natali M. L’ittiofauna alloctona del lago Trasimeno: impatti ecologici e 

ricadute economiche sull’attività di pesca. Evento conclusivo del progetto LIFE U-SAVEREDS (2018). 

Gibson-Reinemer, Daniel K., et al. "Widespread and enduring demographic collapse of invasive common carp 

(Cyprinus carpio) in the Upper Mississippi River System." Biological Invasions 19.6 (2017): 1905-1916. 

Glover‐Kapfer, Paul, Carolina A. Soto‐Navarro, and Oliver R. Wearn. "Camera‐trapping version 3.0: current 

constraints and future priorities for development." Remote Sensing in Ecology and Conservation 5.3 (2019): 209-223.  

Godefroid, Sandrine, Dennis Monbaliu, and Nico Koedam. "The role of soil and microclimatic variables in the 

distribution patterns of urban wasteland flora in Brussels, Belgium." Landscape and Urban Planning 80.1-2 (2007): 45-

55. 

Goldberg, Caren S., et al. "Environmental DNA as a new method for early detection of New Zealand mudsnails 

(Potamopyrgus antipodarum)." Freshwater Science 32.3 (2013): 792-800. 



 

58 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Gräser, Philipp, and Christian Ries. "Occurrence of invasive neophytes in managed biotopes in the former open-

cast mining areas of Luxembourg." Bull. Soc. Nat. luxemb 122 (2020): 153. 

Gravili, Cinzia, et al. "Clytia hummelincki (Hydroidomedusae: Leptomedusae) in the Mediterranean 

Sea." Journal of the Marine Biological Association of the United Kingdom 88.8 (2008): 1547-1553.  

Gronwald, Markus, and James C. Russell. "Measuring rat relative abundance using camera traps and digital 

strike counters for Goodnature A24 self-resetting traps." New Zealand Journal of Ecology 45.1 (2021): 3430. 

Guerreiro, A. R. "Evaluation trials for herbicides to control hottentot-fig (Carpobrotus edulis (L.) NE 

Br.)." Proceedings II Simposio Nacional de Herbologia, Oeiras, 1976. No. Volume III. 1977.  

Haile, Mitku, Tesfay Belay, and H. G. Zimmerman. "Current and potential use of cactus in Tigray, Northern 

Ethiopia." IV International Congress on Cactus Pear and Cochineal 581. 2000.  

Harris, D. W., et al. "Seasonal monitoring of Drosophila suzukii (Diptera: Drosophilidae) in a mixed fruit 

production system." Journal of Asia-Pacific Entomology 17.4 (2014): 857-864. 

Harris, Richard Julian. "Potential impact of the Argentine ant (Linepithema humile) in New Zealand and options 

for its control." (2002): 1-36.  

He, Kate S., et al. "Benefits of hyperspectral remote sensing for tracking plant invasions." Diversity and 

Distributions 17.3 (2011): 381-392. 

Hetzroni, Amots, Victoria Soroker, and Yuval Cohen. "Toward practical acoustic red palm weevil 

detection." Computers and electronics in agriculture 124 (2016): 100-106. 

Hill, M. P. The potential for the biological control of the floating aquatic fern, Azolla filiculoides Lamarck (red 

water fern/rooivaring) in South Africa. WRC, 1997. 

Hill, M. P. The potential for the biological control of the floating aquatic fern, Azolla filiculoides Lamarck (red 

water fern/rooivaring) in South Africa. WRC, 1997.  

Holdich, David M., et al. "Native and alien crayfish in Europe: some conclusions." Crayfish in Europe as Alien 

Species. Routledge, 2017. 281-292  

Hou, Z., et al. "Application of Anastatus sp. against Halyomorpha halys." For Pest Dis 28 (2009): 39-43.  

Huh, Man Kyu, and Byoung Ki Choi. "Floristic characterization and biodiversity of riparian zones at the 

gwangyang river, korea." European Journal of Basic and Applied Sciences Vol 6.2 (2019). 

Huntley, Jimmy C. "Robinia pseudoacacia L. black locust." Silvics of North America 2 (1990): 755-761.  

Hussner, Andreas, and Rainer Lösch. "Alien aquatic plants in a thermally abnormal river and their assembly to 

neophyte-dominated macrophyte stands (River Erft, Northrhine-Westphalia)." Limnologica 35.1-2 (2005): 18-30. 

Ioriatti, C. et al. "Drosophila suzukii (Diptera: Drosophilidae) in Europe: geographic distribution, biology and 

economic impact three years after detection." ICE 2012: XXIV International congress of entomology. 2012.  

ISPRA.  Protocollo di campionamento e analisi della fauna ittica dei sistemi lotici guadabili. Manuali e linee 

guida, ISPRA, Roma,111 (2014): 20 pp. 

ISPRA. "Contributi per la tutela della biodiversità delle zone umide."  (2011). 

ISPRA. “Il sistema di osservazione delle specie marine aliene, l'applicazione pilota SINAnet della citizen science 

nell'ambito della biodiversità.”, 2016 



 

59 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 ISPRA. “Tematiche in primo piano. Annuario dei dati ambientali. Cap. 5, Mare e Ambiente Costiero”. 2013 

ISPRA. Nuove specie in adriatico: cosa fare, come riconoscerle. Un quaderno per la pesca artigianale e sportiva. 

Quaderni - Ricerca Marina n. 9/2016 

ISPRA. Piano di gestione nazionale dell’ibis sacro Threskiornis aethiopicus (LATHAM, 1790) (2020) 

ISPRA.  "Procedura operativa per lo svolgimento in sicurezza delle attività subacquee di ISPRA e delle Agenzie 

Ambientali" (2013). 

James, Katherine, and Karen Bradshaw. "Detecting plant species in the field with deep learning and drone 

technology." Methods in Ecology and Evolution 11.11 (2020): 1509-1519. 

Johnston, Robyn M., and Michele M. Barson. "Remote sensing of Australian wetlands: An evaluation of Landsat 

TM data for inventory and classification." Marine and Freshwater Research 44.2 (1993): 235-252. 

Katano, O., and H. Sakano. "A fishing method using live bait and its effectiveness for the eradication of 

largemouth bass, Micropterus salmoides." Japanese Journal of Conservation Ecology 15.2 (2010): 183-191  

Katsanevakis, Stelios, et al. "Twelve years after the first report of the crab Percnon gibbesi (H. Milne Edwards, 

1853) in the Mediterranean: current distribution and invasion rates." Journal of Biological Research 16 (2011): 224. 

Kaufman SR; Kaufman W. Invasive Plants: A Guide to Identification and the Impacts and Control of Common 

North American Species. Mechanicsburg, USA: Stackpole Books, 458 pp. (2007);  

Kišević, Mak, et al. "Spectral reflectance profile of Caulerpa racemosa var. cylindracea and Caulerpa taxifolia in 

the Adriatic Sea." Acta Adriatica: International journal of Marine Sciences 52.1 (2011): 21-27 

Kostermans, A. J. G. H., S. Wirjahardja, and R. J. Dekker. "The weeds: description, ecology and control." Weeds 

of rice in Indonesia. (1987): 24-565.   

Kucsicsa, Gheorghe, et al. "Assessing the potential distribution of invasive alien species Amorpha fruticosa 

(Mill.) in the Mureş Floodplain Natural Park (Romania) using GIS and logistic regression." Nature Conservation 30 (2018): 

41.  

Kunii, Hidenobu, and Kouichi Minamoto. "Temporal and spatial variation in the macrophyte distribution in 

coastal lagoon Lake Nakaumi and its neighboring waters." Journal of Marine Systems 26.2 (2000): 223-231. 

La Mesa G., Paglialonga A., Tunesi L. Manuali per il monitoraggio di specie e habitat di interesse comunitario 

(Direttiva 92/43/CEE e Direttiva 09/147/CE) in Italia: ambiente marino. ISPRA, Serie Manuali e linee guida, 190/2019.  

Landolt, E. "Biosystematic investigations in the family of duckweed (Lemnaceae), vol. 2." Geobotanischen Inst 

ETH: Stiftung Rubel, Zúrich, Suiza (1986).  

Larson, Nicholas R., et al. "Detection and monitoring of Drosophila suzukii in raspberry and cherry orchards 

with volatile organic compounds in the USA and Europe." Scientific reports 11.1 (2021): 1-11. 

Lawley, E. F., and S. A. Shepherd. "Land use and vegetation of Althorpe Island, South Australia, and a floristic 

comparison with South Neptune Islands." Transactions of the Royal Society of South Australia 129 (2005): 100-110. 

Leskey T, Hamilton GC. Brown Marmorated Stink Bug Working Group Meeting held at Alson H. Smith Jr. 

Agricultural Research and Extension Center, Winchester, Virginia, USA, November 27, 2012.  

Llamas, JC Emmanuel G., Lilibeth A. Bucol, and Billy T. Wagey. "Standing-stock Biomass and Diversity of Caulerpa 

(Chlorophyta) in Solong-on, Siquijor Island, Philippines." Jurnal Ilmiah Sains 18.2 (2018): 85-96. 



 

60 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Lodge DM, Taylor CA, Holdich DM, Skurdal J, 2000. Reducing impacts of exotic crayfish introductions: new 

policies needed. Fisheries, 25(8):21-23  

Longo, Caterina, Francesco Mastrototaro, and Giuseppe Corriero. "Occurrence of Paraleucilla magna (Porifera: 

Calcarea) in the Mediterranean sea." Journal of the Marine Biological Association of the United Kingdom 87.6 (2007): 

1749-1755. 

Lorenzoni, Massimo, et al. "Check-list dell’ittiofauna delle acque dolci italiane." Italian Journal of Freshwater 

Ichthyology 1.5 (2019): 239-254. 

Lozano, Vanessa, et al. "Modelling Acacia saligna invasion in a large Mediterranean island using PAB factors: A 

tool for implementing the European legislation on invasive species." Ecological Indicators 116 (2020): 106516. 

Mancinelli, Giorgio, et al. "On the Atlantic blue crab (Callinectes sapidus Rathbun 1896) in southern European 

coastal waters: Time to turn a threat into a resource?" Fisheries Research 194 (2017): 1-8. 

Mandrioli, M. A. U. R. O. "Il DNA ambientale: un nuovo strumento molecolare per il monitoraggio della 

biodiversità presente e passata." (2017): 113-121. 

Manuali per il monitoraggio di specie e habitat di interesse comunitario (Direttiva 92/43/CEE) in Italia: specie 

animali. ISPRA, Serie Manuali e linee guida, 141/2016. 

Manuel, J. S., and B. L. Mercado. "Biology of Paspalum distichum. 1. Pattern of growth and asexual 

reproduction." Philippine Agriculturalist 61 (1977): 192-198.  

Marconi, Gianpiero, et al. "DNA barcoding as a tool for early warning and monitoring alien duckweeds (Lemna 

sp. pl.): the case of Central Italy." Plant Biosystems-An International Journal Dealing with all Aspects of Plant 

Biology 153.5 (2019): 660-668. 

Mare, Roma. "Biodiversità e attività sugli ecosistemi." (2011). 

Marshall, George. "A review of the biology and control of selected weed species in the genus Oxalis: O. stricta 

L., O. latifolia HBK and O. pes-caprae L." Crop Protection 6.6 (1987): 355-364.  

Marzialetti, Flavio, et al. "Modelling Acacia saligna invasion on the Adriatic coastal landscape: An integrative 

approach using LTER data." Nature Conservation 34 (2019): 127. 

Mastrototaro, Francesco, Alfonso Matarrese, and Gianfranco D'Onghia. "Observations on the recruitment of 

Musculista senhousia (Mollusca, Bivalvia) in the Taranto seas (eastern-central Mediterranean Sea)." Biogeographia–The 

Journal of Integrative Biogeography 25.1 (2004) 

Matarrese, A., et al. "Mapping of the benthic communities in the Taranto seas using side-scan sonar and an 

underwater video camera." Chemistry and Ecology 20.5 (2004): 377-386.) 

Mawhinney, W. A. "Restoring biodiversity in the Gwydir Wetlands through environmental flows." Water 

Science and Technology 48.7 (2003): 73-81. 

Meloche, Colette, and Stephen D. Murphy. "Managing tree-of-heaven (Ailanthus altissima) in parks and 

protected areas: a case study of Rondeau Provincial Park (Ontario, Canada)." Environmental management 37.6 (2006): 

764-772.  

Merrill, Korie C. Management and Monitoring of Linepithema humile (Mayr) on San Clemente Island, CA. 

University of California, Riverside, 2015.  

Middleton, Beth A. "The water buffalo controversy in Keoladeo National Park, India." Ecological 

modelling 106.1 (1998): 93-98.  



 

61 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Miller, Lowell A., Jack Rhyan, and Gary Killian. "GonaCon tm, a versatile GnRH contraceptive for a large variety 

of pest animal problems." (2004). 

Mineta, T., et al. "Changes in weed communities in direct-seeded paddy fields under Astragalus sinicus L. living 

mulch and no-tillage cultivation during three years." Journal of Weed Science and Technology 42.2 (1997): 88-96.  

Morgan, David, and Stephen Beatty. "Fish fauna of the Vasse River and the colonisation by feral goldfish 

(Carassius auratus)." (2004) 

Moriya, S., M. Shiga, and M. Mabuchi. "Analysis of light trap records in four major species of fruit-piercing stink 

bugs, with special reference to body size variation in trapped adults of Plantia stali Scott." Kaju Shikenjo hokoku. A 

Hiratsuka. (Bulletin of the Fruit Tree Research Station. Series A. Hiratsuka) 14 (1987): 79-94.  

Morris, M. J. "The contribution of the gall-forming rust fungus Uromycladium tepperianum (Sacc.) McAlp. to 

the biological control of Acacia saligna (Labill.) Wendl.(Fabaceae) in South Africa." (1999): 125-128.  

Mumby, P. J., et al. "The cost-effectiveness of remote sensing for tropical coastal resources assessment and 

management." Journal of Environmental Management 55.3 (1999): 157-166. 

Murthy, N. B. K., and S. V. Amonkar. "Effect of a natural insecticide from garlic (Allium sativum L.) & its synthetic 

form (diallyl-disulphide) on plant pathogenic fungi." Indian journal of experimental biology 12.2 (1974): 208-209.  

Newman JR. Information sheet Lemna species (Duckweeds). Centre for Ecology and Hydrology, 2 (2009)  

Newson, Stuart E., et al. "Evaluating the population‐level impact of an invasive species, Ring‐necked Parakeet 

Psittacula krameri, on native avifauna." Ibis 153.3 (2011): 509-516. 

Nugnes, Francesco, et al. "Aleurocanthus spiniferus (Hemiptera: Aleyrodidae) in some European countries: 

Diffusion, hosts, molecular characterization, and natural enemies." Insects 11.1 (2020): 42. 

Okuma, M., and S. Chikura. "Ecology and control of a subspecies of Paspalum distichum L." 

Chikugosuzumenohie" growing in creeks in the paddy area on the lower reaches of Chikugo River in Kyushu. 6. Control 

with a method combining pulling of the weed onto the bank followed by herbicide application." Weed Research, 

Japan 30.3 (1985): 208-212. 

Oplinger, Randall W., and Eric J. Wagner. "Toxicity of common aquaculture disinfectants to New Zealand mud 

snails and mud snail toxicants to rainbow trout eggs." North American Journal of Aquaculture 71.3 (2009): 229-237 

Osawa, Takeshi, Hiromune Mitsuhashi, and Hideyuki Niwa. "Many alien invasive plants disperse against the 

direction of stream flow in riparian areas." Ecological Complexity 15 (2013): 26-32. 

Peirce, J. R. "The biology of Australian weeds. 31. Oxalis pes-caprae L." Plant Protection Quarterly 12 (1997): 

110-119.  

Pfiester, Margie, Philip G. Koehler, and Roberto M. Pereira. "Ability of bed bug-detecting canines to locate live 

bed bugs and viable bed bug eggs." Journal of economic entomology 101.4 (2008): 1389-1396. 

Phillips, P., R. Bekey, and G. Goodall. "Argentine ant management in cherimoyas." California Agriculture 41.3 

(1987): 8-9.  

Piano di gestione nazionale del gambero rosso della Louisiana (Procambarus clarkii). Ministero della Transizione 

Ecologica, 05/2021 

Piano nazionale per la gestione della testuggine palustre americana (Trachemys scripta) Ministero 

dell'ambiente e della tutela del territorio e del mare, 05/2020 

Pirola, Augusto. "Elementi di Fitosociologia" (1970). 



 

62 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Pithon, J. A., and Dytham C. "Census of the British Ring-necked Parakeet Psittacula krameri population by 

simultaneous counts of roosts." Bird Study 46.1 (1999): 112-115 

Prato, Giulia, et al. "Enhancing fish Underwater Visual Census to move forward assessment of fish assemblages: 

An application in three Mediterranean Marine Protected Areas." PLoS One 12.6 (2017) 

Pritchard, G. H. "Evaluation of herbicides for the control of common prickly pear (Opuntia stricta var. stricta) in 

Victoria." Plant Protection Quarterly 8 (1993): 40-40. 

Radovanović, Nataša, et al. "Floristic diversity, composition and invasibility of riparian habitats with Amorpha 

fruticosa: A case study from Belgrade (Southeast Europe)." Urban Forestry & Urban Greening 24 (2017): 101-108. 

Rahman, M. A. "Critical period of weed competition in transplanted aman rice." Bangladesh Journal of Scientific 

and Industrial Research 27.1-2 (1992): 151-156.  

Reddy, C. Sudhakar, et al. "Assessment and monitoring of spatio-temporal changes in Keoladeo Ghana National 

Park, Rajasthan, India using geoinformatics." Journal of Wetlands Ecology 4 (2010): 33-42. 

Reginald C, 1973. Principal Insect Pests. In: Coconuts. Tropical Agriculture Series, London, UK: Longmans 

Risely, K., et al. "The breeding bird survey 2010." BTO research report 597 (2011). 

Riserva Naturale delle Torbiere del Sebino, Relazione tecnica attività Ittiofauna, 2016 

Robb, Gillian N., et al. "Food for thought: supplementary feeding as a driver of ecological change in avian 

populations." Frontiers in Ecology and the Environment 6.9 (2008): 476-484.  

Rolando, Carol A., Stefan F. Gous, and Michael S. Watt. "Preliminary screening of herbicide mixes for the control 

of five major weed species on certified Pinus radiata plantations in New Zealand." New Zealand Journal of Forestry 

Science (New Zealand Forest Research Institute Ltd (trading as Scion)) 41 (2011). 

Ruiz-Navarro, A., et al. "Removal control of the highly invasive fish Gambusia holbrooki and effects on its 

population biology: learning by doing." Wildlife Research 40.1 (2013): 82-89. 

Sancho, V., et al. "Manual para el Control y Erradicación de Galápagos Invasores." Colección Manuales Técnicos 

de Biodiversidad 6 (2014).  

Scalera, R., et al. "Le specie esotiche invasive: andamenti, impatti e possibili risposte." (2018): 1-121.  

Schumann, AW, Little, KM & Eccles, N. S. "Suppression of seed germination and early seedling growth by 

plantation harvest residues." South African Journal of Plant and Soil 12.4 (1995): 170-174. 

Scofield, R. Paul, Ross Cullen, and Maggie Wang. "Are predator-proof fences the answer to New Zealand's 

terrestrial faunal biodiversity crisis?." New Zealand Journal of Ecology (2011): 312-317. 

Selincourt, K. de. "South Africa's other bush war." New Scientist 133.1808 (1992): 46-49.  

Shiels, Aaron B., et al. "Biology and impacts of Pacific island invasive species. 11. Rattus rattus, the black rat 

(Rodentia: Muridae)." Pacific Science 68.2 (2014): 145-184.  

Shorey, Harry H., et al. "Disruption of foraging by Argentine ants, Iridomyrmex humilis (Mayr)(Hymenoptera: 

Formicidae), in citrus trees through the use of semiochemicals and related chemicals." Journal of chemical ecology 18.11 

(1992): 2131-2142. 

Silverman, J., and D. Liang. "Colony disassociation following diet partitioning in a unicolonial 

ant." Naturwissenschaften 88.2 (2001): 73-77. 



 

63 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Sîrbu, C., and Ad Oprea. "Contribution to the study of plant communities dominated by Ailanthus altissima 

(Mill.) Swingle, in the Eastern Romania (Moldavia)." Cercetări Agronomice în Moldova 44.3 (2011): 51-74. 

Somodi, Imelda, et al. "Recognition of the invasive species Robinia pseudacacia from combined remote sensing 

and GIS sources." Biological conservation 150.1 (2012): 59-67. 

Soroker, V., et al. "Early detection and monitoring of red palm weevil: approaches and challenges." Colloque 

méditerranéen sur les ravageurs des palmiers, Nice, France, 16-18 Janvier 2013. Association Française de Protection des 

Plantes (AFPP), 2013.  

Sosa, A. J., et al. "Biological control of lippia (Phyla canescens): surveys for the plant and its natural enemies in 

Argentina." Proceedings of the XII International Symposium on Biological Control of Weeds. CABI International 

Wallingford, UK. La Grand Mote, France. 2008. 

Spurr, E. B., et al. "Bait station preferences of ship rats." DOC Research & Development Series 271 (2007). 

Stefano Salviati, Giuseppe Maio, Enrico Marconato “Monitoraggio della Carta Ittica della Provincia di Vicenza: 

zona della bassa pianura”, 2011 

Stein, Eric D., et al. "Is DNA barcoding actually cheaper and faster than traditional morphological methods: 

results from a survey of freshwater bioassessment efforts in the United States?." PloS one 9.4 (2014). 

Steyn DJ, Scott WE, Ashton PJ, Vivier FS, 1979., 1-29  

Steÿn, D. J., et al. "Guide to the use of herbicides on aquatic plants." Technical Report (1979).  

Stoch F., Genovesi. Manuali per il monitoraggio di specie e habitat di interesse comunitario (Direttiva 

92/43/CEE) in Italia: specie animali. ISPRA, Serie Manuali e linee guida, 141/2016, (2016) 378 pp. 

Suma, Pompeo, et al. "The use of sniffing dogs for the detection of Rhynchophorus 

ferrugineus." Phytoparasitica 42.2 (2014): 269-274. 

Szigetvári, C. S. "Initial steps in the regeneration of a floodplain meadow after a decade of dominance of an 

invasive transformer shrub, Amorpha fruticosa L." Tiscia 33 (2002): 67-77.  

Tallent-Halsell, Nita G., and Michael S. Watt. "The invasive Buddleja davidii (butterfly bush)." The Botanical 

Review 75.3 (2009): 292. 

Tarantino, Cristina, et al. "Ailanthus altissima mapping from multi-temporal very high-resolution satellite 

images." ISPRS Journal of Photogrammetry and Remote Sensing 147 (2019): 90-103. 

Taylor, Rowland H., Gary W. Kaiser, and Mark C. Drever. "Eradication of Norway rats for recovery of seabird 

habitat on Langara Island, British Columbia." Restoration Ecology 8.2 (2000): 151-160. 

Tiralongo, Francesco, Giuseppina Messina, and Bianca Maria Lombardo. "Invasive Species Control: Predation 

on the Alien Crab Percnon gibbesi (H. Milne Edwards, 1853) (Malacostraca: Percnidae) by the Rock Goby, Gobius 

paganellus Linnaeus, 1758 (Actinopterygii: Gobiidae)." Journal of Marine Science and Engineering 9.4 (2021): 393.) 

Tricarico, Elena, et al. "Le specie alloctone animali nelle acque interne italiane." Studi Trentini di Scienze Naturali 

87 (2010): 111-114. 

Trotta, Claudia. "Analisi della vegetazione naturale in aree vulnerabili alla desertificazione mediante 

telerilevamento: i casi di studio di Monte Coppolo e Bosco Pantano in Basilicata." (2008). 

Trotta, Claudia. "Analisi di dati telerilevati ottici e radar per la gestione dei disastri: le alluvioni del Bangladesh" 

(2011). 



 

64 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Trowbridge, Cynthia Dubbs. An assessment of the potential spread and options for control of the introduced 

green macroalga Codium fragile ssp. tomentosoides on Australian shores. Centre for Research on Introduced Marine 

Pests, 1999. 

Tsunoda, Hiroshi, et al. "Change of fish fauna in ponds after eradication of invasive piscivorous largemouth 

bass, Micropterus salmoides, in north-eastern Japan." Aquatic Conservation: Marine and Freshwater Ecosystems 20.7 

(2010): 710-716   

Van Den Berg, M. A., G. Hoppner, and J. Greenland. "An economic study of the biological control of the spiny 

blackfly, Aleurocanthus spiniferus (Hemiptera: Aleyrodidae), in a citrus orchard in Swaziland." Biocontrol Science and 

Technology 10.1 (2000): 27-32. 

Volta, Pietro, et al. "Protocollo di campionamento della fauna ittica nei laghi italiani." Report CNR-ISE 2 (2014). 

Whisson, Desley A., Richard M. Engeman, and Kellie Collins. "Developing relative abundance techniques (RATs) 

for monitoring rodent populations." Wildlife Research 32.3 (2005): 239-244. 

Winston, R. L., et al. "Biological control of weeds: A world catalogue of agents and their target 

weeds." Biological control of weeds: a world catalogue of agents and their target weeds. Ed. 5 (2014).  

Yasashimoto, Tetsu, et al. "Environmental DNA detection of an invasive ant species (Linepithema humile) from 

soil samples." Scientific reports 11.1 (2021): 1-12. 

 

1.4 Accessed web sites 

Fao Fishery & Aquaculture division: 

http://gamberialieni.divulgando.eu/ 

http://pcwd.info/wp-content/uploads/2015/12/Monk-Parakeets.pdf 

http://www.csmon-life.eu/  

http://www.especes-exotiques-envahissantes.fr/wp-content/uploads/2016/10/Threskiornis-aethiopicus3.pdf 

http://www.fao.org/fishery/docs/DOCUMENT/eifac/wpfmfw/DraftGuidelinesMonitoringFishFreshwaters.pdf  

http://www.northeastipm.org/neipm/assets/File/BMSB-Working-Group-Meeting-Report-Nov-2012.pdf 

https://florabase.dpaw.wa.gov.au/browse/profile/25902   

https://lifeasap.eu/index.php/it/  

https://trasparenza.regione.puglia.it/organizzazione/articolazione-degli-uffici/sezione-osservatorio-

fitosanitario 

https://vnpa.org.au/programs/sea-slug-census/    

https://weeds.dpi.nsw.gov.au/Weeds/Lippia 

https://weeds.dpi.nsw.gov.au/Weeds/Lippia;  

https://www.parcosanrossore.org/wp-content/uploads/2019/07/Il-progetto-LIFE-Natura-DuneTosca.pdf  

http://gamberialieni.divulgando.eu/
http://pcwd.info/wp-content/uploads/2015/12/Monk-Parakeets.pdf
http://www.csmon-life.eu/
http://www.especes-exotiques-envahissantes.fr/wp-content/uploads/2016/10/Threskiornis-aethiopicus3.pdf
http://www.fao.org/fishery/docs/DOCUMENT/eifac/wpfmfw/DraftGuidelinesMonitoringFishFreshwaters.pdf
http://www.northeastipm.org/neipm/assets/File/BMSB-Working-Group-Meeting-Report-Nov-2012.pdf
https://florabase.dpaw.wa.gov.au/browse/profile/25902
https://lifeasap.eu/index.php/it/
https://vnpa.org.au/programs/sea-slug-census/
https://weeds.dpi.nsw.gov.au/Weeds/Lippia
https://weeds.dpi.nsw.gov.au/Weeds/Lippia
https://www.parcosanrossore.org/wp-content/uploads/2019/07/Il-progetto-LIFE-Natura-DuneTosca.pdf


 

65 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 https://www.regione.toscana.it/documents/10180/12352035/Punteruolo+rosso.pdf/ae953882-b83d-4c37-

bd7a-

187aa2e64a12#:~:text=Rhynchophorus%20ferrugineus%20(Olivier)%2C%20comunemente,a%20numerose%20specie

%20di%20palme. 

Watson M, 2007. Buddleia biological control agent off to a good start. Forest Health News. 

http://www.ensisjv.com/NewsEventsandPublications/Newsletters/ForestHealthNews/ForestHealthNewsArchive/tabid

/179/Default.aspx  

Weeds of New Zealand, 2016. Weedbuster: online resources for Agave americana. 

http://www.weedbusters.org.nz/weed-information/agave-americana/59/ 

  

https://www.regione.toscana.it/documents/10180/12352035/Punteruolo+rosso.pdf/ae953882-b83d-4c37-bd7a-187aa2e64a12#:~:text=Rhynchophorus%20ferrugineus%20(Olivier)%2C%20comunemente,a%20numerose%20specie%20di%20palme
https://www.regione.toscana.it/documents/10180/12352035/Punteruolo+rosso.pdf/ae953882-b83d-4c37-bd7a-187aa2e64a12#:~:text=Rhynchophorus%20ferrugineus%20(Olivier)%2C%20comunemente,a%20numerose%20specie%20di%20palme
https://www.regione.toscana.it/documents/10180/12352035/Punteruolo+rosso.pdf/ae953882-b83d-4c37-bd7a-187aa2e64a12#:~:text=Rhynchophorus%20ferrugineus%20(Olivier)%2C%20comunemente,a%20numerose%20specie%20di%20palme
https://www.regione.toscana.it/documents/10180/12352035/Punteruolo+rosso.pdf/ae953882-b83d-4c37-bd7a-187aa2e64a12#:~:text=Rhynchophorus%20ferrugineus%20(Olivier)%2C%20comunemente,a%20numerose%20specie%20di%20palme
http://www.ensisjv.com/NewsEventsandPublications/Newsletters/ForestHealthNews/ForestHealthNewsArchive/tabid/179/Default.aspx
http://www.ensisjv.com/NewsEventsandPublications/Newsletters/ForestHealthNews/ForestHealthNewsArchive/tabid/179/Default.aspx
http://www.weedbusters.org.nz/weed-information/agave-americana/59/


 

66 | 85 

 

 

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

HELLENIC REPUBLIC
REGION of EPIRUS

PUGLIA
REGION

DEPARTMENT OF MOBILITY, 
URBAN QUALITY, PUBLIC WORKS, 
ECOLOGY AND LANDSCAPE

IONIAN
ISLANDS

REGION OF

www.interregbest.eu

info@interregbest.eu

 

 
 Appendix 1: exemplary survey cards  

As an integration to the present document, some exemplary survey cards are given, referring to the macrocategories 

of Section 2. Specifically, we provide 

• Plant survey card: valid for Braun-Blanquet method, for phytosociological surveys and valid for terrestrial 

plants and freshwater aquatic plants, as defined in par. 2.2.1.1 and 2.2.2.1 of the present document. 

• Freshwater aquatic plants card: valid for freshwater aquatic plants, as defined in par. 2.2.2.2 of the present 

document. 

• Marine macrophytes card: valid for marine macrophytes surveys, as defined in par. 2.2.3.1 

• Micromammals card: valid for the monitoring of small mammals communities through trapping as defined 

in par. 2.2.4.1 

• Bird survey card: valid for the monitoring of avian communities, both for visual and acoustic surveys, as 

defined in par. 2.2.4.4. e 2.2.4.5 

• Faunal survey card: valid for direct and indirect monitoring of vertebrates and freshwater animals, when 

applicable, as defined in par. 2.2.4.2 e 2.2.5.7 

• Freshwaters fish survey card: valid for the monitoring of fish communities in freshwater bodies, both 

through electrofishing or through nets, as defined in par. 2.2.5.1 e 2.2.5.2 

• Marine animals card: valid for the analysis of vertebrates and invertebrates communities, as defined in par. 

2.2.6.  
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VEGETATION SURVEY CARD 

 

Site Code…...................... Operators ............................. Date ............................... 

Locality …...................................................................................................................  

 

Exposition   N NE E SE 

            S SW W NW  

Coordinates.................................................................................................................. .. 

Altitude........................... Steepness (°) ......... geological substrate ............................. 

vegetational composition............................................................................................. 

vegetational series ...................................................................................................... ... 

management .................................................................................................................. 

survey method. ................................ surface mq ........total coverage………............ %  

 

STRUCTURAL ANALYSIS 

 

Layer n. Height Coverage % Medium height m Notes 

7 > 25 m    

6 12 - 25 m    

5 5 - 12 m    

4 2 - 5 m    

3 0,5 - 2 m    

2 25 - 50 cm    

1 0 - 25 cm    

 

 

COVERAGE 

5 = continuous (> 75 %) 

4 = interrupted (50 - 75 %) 

3 = sparse (25 - 50 %) 

2 = low (5 - 25 %) 

1 = sporadic (1 - 5 %) 

+ = almost no coverage (< 1 %) 

 

 

BRAUN-BLANQUET SCALE: 

5 = coverage   > 75 %) 

4 = coverage 50 - 75 %) 

3 = coverage 25 - 50 %) 

2 = abundant, but with coverage < 25 %) 

1 = well represented, but with cov. < 5 %) 

+ = present, but with very low coverage 

 

 

PHENOLOGICAL SYMBOLS (MARCELLO) 

000 = absence of the phenomenon 

+00 = beginning of the phenomenon 

++0 = progression of the phenomenon 

+++ = apex of the phenomenon 

0++ = decline of the phenomenon 

00+ = ending of the phenomenon 

000 = ended of the phenomenon 

 

 

FORM 

W = woods 

L = lianas 

AL = woody shrubs 

E = epiphytes 

H = herbs 

M = bryophytes and lichens
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Num. Floristic composition Layer F 
Cov. 

Class 

Cov. 

% 
Phenolog. Notes 

 
Num. Floristic composition Layer F 

Cov. 

Class 

Cov. 

% 
Phenolog. Notes 

1   

7            

9   

5           
6            4           
5            3           
4            2           
3            1           
2            

10   

5           
1            4           

2   

7            3           
6            2           
5            1           
4            

11   

5           
3            4           
2            3           
1            2           

3   

6            1           
5            

12   

5           
4            4           
3            3           
2            2           
1            1           

4   

6            

13   

5           
5            4           
4            3           
3            2           
2            1           
1            

14   

5           

5   

6            4           
5            3           
4            2           
3            1           
2            

15   

5           
1            4           

6   

6            3           
5            2           
4            1           
3            

16   

5           
2            4           
1            3           

7   

6            2           
5            1           
4            

17   

5           
3            4           
2            3           
1            2           

8 

  

 

 

 

5            1           
4            18 

 

 

 

 

  

4           
3            3           
2            2           
1            1           
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Num. Floristic composition Layer F 
Cov. 

Class 

Cov. 

% 
Phenolog. Notes 

 
Num. Floristic composition Layer F 

Cov. 

Class 

Cov. 

% 
Phenolog. Notes 

19   

7            

27   

5           
6            4           
5            3           
4            2           
3            1           
2            

28   

5           
1            4           

20   

7            3           
6            2           
5            1           
4            

29   

5           
3            4           
2            3           
1            2           

21   

6            1           
5            

30   

5           
4            4           
3            3           
2            2           
1            1           

22   

6            

31   

5           
5            4           
4            3           
3            2           
2            1           
1            

32   

5           

23   

6            4           
5            3           
4            2           
3            1           
2            

33   

5           
1            4           

24   

6            3           
5            2           
4            1           
3            

34   

5           
2            4           
1            3           

25   

6            2           
5            1           
4            

35   

5           
3            4           
2            3           
1            2           

26   

5            1           
4            

36   

4           
3            3           
2            2           
1            1           
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Num. Floristic composition Layer F 
Cov. 

Class 

Cov. 

% 
Phenolog. Notes 

 
Num. Floristic composition Layer F 

Cov. 

Class 

Cov. 

% 
Phenolog. Notes 

37   

7            

45   

5           
6            4           
5            3           
4            2           
3            1           
2            

46   

5           
1            4           

38   

7            3           
6            2           
5            1           
4            

47   

5           
3            4           
2            3           
1            2           

39   

6            1           
5            

48   

5           
4            4           
3            3           
2            2           
1            1           

40   

6            

49   

5           
5            4           
4            3           
3            2           
2            1           
1            

50   

5           

41   

6            4           
5            3           
4            2           
3            1           
2            

51   

5           
1            4           

42   

6            3           
5            2           
4            1           
3            

52   

5           
2            4           
1            3           

43   

6            2           
5            1           
4            

53   

5           
3            4           
2            3           
1            2           

44   

5            1           
4            

54   

4           
3            3           
2            2           
1            1           
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MARINE MACROPHYTES SURVEY CARD 

Site code ....................... Operators ............................. Date ................................ 

Region .................................. City .............................. I.G.M. ........................... 

Locality ........................................................................................................................ 

 

Orientation of the 

Coast 

N NE E SE 

 S SW W NW  

 

Morphology of the coast................................................................................................. 

Steepness of the coast (°) .................... Exposition…................................................... 

Degree of artificialization........................................................................................... 

Type fo substrate....................................................................................................  

Sampled area (m2) ......................... Coordinates …………………………...............  

 

 Taxon Percentage of coverage 

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   

11   

12   

13   

14   

15   

16   

17   

18   

19   

20   

21   

22   

23   

24   

25   

26   

27   

28   

29   

30   

31   

32   

33   

34   

35   

36   

37   

38   

39   

40   

41   

42   

43   

44   

45   

46   

47   

48   

49   

50   
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WADABLE RIVERS FRESHWATER MACROPHYTES SURVEY CARD  

Name/Code Station  Date  

Locality  Time  

Region   Province  

Waterbody  Operators  

Coordinates  Basin  

Hydroecoregion  River type  

Macrotipe for the 
macrophytes 

 Notes: 

 

1. Transverse section of the riverbed 

 
 
 
 
 
 
 
 
 

2. Dimensional parameters 

Length of the station (m)  

Mean width at low water level (m)  

Mean width at the sampling time (m)  

Mean width at medium water level (m)  

Mean width in flood (m)  

Maximum depth at the sampling time (cm)  

Mean depth at the sampling time (cm)  

 

3. Riverbed morphology 
 

4. Hydrological conditions 
 5. River flow (compared with before 

sampling) 
Confined   Low-medium level   Rising  

Not confined   Medium level   Stable  

Semiconfined      Declining  

 

6. flow velocity (evalutatin in % of the types of flow)  7. Turbolence (evalutatin in % of the types of flow) 

Slow   Absent  

Medium   Limited  

High   From medium to high   

Very high   Very high  
 

8. Shading 
 

9. Water transparency 

Absent   Absent  

Partial (%)   Partial *  

Complete   Complete  
*answer: slightly opalescente, opalescente, slightly cloudy
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10. Structure of the riverbed substrate (% of the 

different types) 
 11. Granulometry (% abundance of granulometric classes) 

Stable and varied   Rock  

Slightly moveable   Stones  

Easily moveable   Pebbles  

Evenly compact   Gravel  

Compact for artificialization   Sand  

   Silt  

   Artificial substrate  

 

12. upper-aquatic zone (if presente) 

Left bank  Right bank 

 Surface % compared with medium water level riverbed  

 Linear extention % (compared with the length of the station)  

 Maximum transverse width (cm)  

 Mean transverse width (cm)  

 Plant coverage %  

 

Left bank 
 Types of plant coverages in the 

upper-aquatic zone 
Right bank 

 

Dominant species 

 

  

  

  

 

13. Other plant communities in the river corridor  

Left bank Riverbed communities (other cenosis in the medium water level riverbed) Right bank 

 Coverage % of the riverbed communities in the under-aquatic zones of the riverbed   

 

Left bank  Right bank 

 

Dominant species ** 

 

  

  

  

 Coverage % of exotic species  

 

Exotic species 

 

  

  

 

Left bank External formations of the riverbed  
considerar 10-100 m of width dependind on the dimensions of the waterbody 

Right bank 

 Woody riparian cenosis  

 Herbaceous riparian cenosis  

 Sparce or absent plant coverage   

 Non riparian cenosis  

 Herbaceous coverage (even not hygrophilous ones) in primary grasslands  

 Anthropic plant communities (including farmlands)  

 Absence of plant coverage for anthropic reasons, and artificial banks  

 Mean considered width (m)  
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Left bank 

Dominant commuties ** 

Right bank 

  

  

 

Dominant species ** 

 

  

  

  

  

 Coverage % of exotic species  

 

Exotic species 

 

  

  

** list the dominant species from the proximal to the dista areas from the river  
 

14. physicochemical parameters 

Conductivity (S/cm)  

Temperature (°C)  

Dissolved oxygen (mg/L)  

Dissolved oxygen (% sat)  

pH  

 

15. Erosive phenomena 

Left bank 
(1) Absent or very reduced; (2) Limited; (3) Widespread; (4) very evident 

Right bank 

  

 

16. Hydromorphological integrity  

upstream dams  Yes/no and estimated distance 

downstream dams  Yes/no and estimated distance 

Presenza di hydropeaking  Yes/no 

Transverse section integrity  
(1) Total; (2) slight artificialization; (3) compromised; (4) 
residual 

Longitudinal section integrity  
(1) Total; (2) slight artificialization; (3) compromised; (4) 
residual 

 

17. Artificial intervention in the station and surroundings 

Right 
bank 

 

 

Left 
bank 

 

 

Riverbed 
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18. Land Use around the riverbed  
(extention % for 500 m; for big rivers: 1 km) 

Left bank  Right bank 

 natural areas  

 Seminatural areas  

 Extensive agriculture  

 intensive agriculture  

 Urbanized areas, industries roads and infrastructures  

 

19. Disturbing anthropic activities along the river corridor 
(to evaluate intensity: 1 smooth, 2 medium, 3 high)  
(considering up to 100 m of width, depending on the dimension of the river) 

Left bank  Right bank 

 water plants management  

 Human/animal trampling   

 Mowing  

 Weeding  

 Soil transportation   

 Presence of litter  

 Fires  

 

20. Periphyton 

Diffusion Consistence 

Absent  Visible (bidimensional)  

Circumscribed  Smooth (tridimensional)  

Widespread  Thick  

Total   Very thick  
 

Vertical bryophytes cenosis – facultative 

Left bank  Left bank 

 Linear extension of the cenosis  

 Maximum transverse width (cm)  

 Mean transverse width (cm)  

 

Left bank Composition % of the cenosis Left bank 

 Acrocarpous mosses  

 Pleurocarpous mosses  

 Thallose liverworts  

 Leafy liverworts  

 Other  

 

Notes: 
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21. Data of the cenosis (% of coverage) 

Coverage of the macrophytic community  

Cumulative coverage of the macrophytic community  

Algal coverage  

 

Taxon  Detected coverage (%) *** 

Lichens  

  

  

  

Algae  

  

  

  

  

  

  

  

  

  

  

  

  

  

Liverworts  

  

  

  

  

Mosses  
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Ferns  

  

  

  

  

  

  

  

  

  

Angiospers  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Eterotrophic organisms  
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***intended as the % of the detected community  

DRAWING OF THE SAMPLED AREA 

 
 
 
 

100 m 

 
 
 
 
90 m 

 
 
 
 
80 m 

 
 
 
 
70 m 

 
 
 
 
60 m 

 
 
 
 
50 m 

 
 
 
 
40 m 

 
 
 
 
30 m 

 
 
 
 
20 m 

 
 
 
 
10 m 

 
 
 
 
0 m 
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MICROMAMMALS SURVEY CARD 
 

N. site  Operator  Observers  

Region  Province  City  

Locality  GPS Coordinates   

Date  Time  

 

Land Use (Corine 
Land Cover) 

 

Altitude  
(m a.s.l.) 

 
 

Steepness 
(°) 

 
Survey 
method 

 

Sky Wind 

Sunny Cloudy 1/4 Cloudy 1/2 Cloudy 3/4 Absent Weak  Medium 

Covered Weak rain Strong rain Fog High Very high 
 

Species Tra Capture/Recapture Mark Sex Weight Notes 

1               

2               

3               

4               

5               

6               

7               

8               

9               

10               

11               

12               

13               

14               

15               

16               

17               

18               

19               

20               

21        

22        

23        

24        

25        
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BIRD SYRVEY CARD 

 

Site  Operator  Observers  

Regione  Province  City  

Locality  GPS Coordinate   

Date  Time  

 

Has the site been visited on 
previous years? 

Yes No 
The hearing point is in the 
same position? 

Yes No 

Exposition N NE E SE S SW W NW 360° 

Altitude  
(m a.s.l.) 

 
 

Steepness 
(°) 

 
Survey 
method 

 

Sky Wind 

Sunny Cloudy 1/4 Sunny Cloudy 1/4 Absent Weak  Medium 

Covered Weak rain Intense rain Fog High Very high 

 

Species Within 100m Over 100m 

1    

2    

3    

4    

5    

6    

7    

8    

9    

10    

11    

12    

13    

14    

15    

16    

17    

CODICI: C: maschio in canto; M: maschio non in canto; F: femmina; j: giovane; V: volo alto di trasferimento; R: attività riproduttiva (nido, imbeccata, ecc.) 
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FAUNAL SURVEY CARD 
 

Number site. ....................... Operators ......................................... Date..................................................... 

Region .............................. City ........................................... I.G.M………...................................................... 

Locality .......................................................................................... Time.................................................... 

Forecast 

Sunny Cloudy 1/4 Cloudy 1/2 Cloudy 3/4 Covered 

Weak rain Intense rain Fog Weak wind Strong wind 

 

Land USe(CORINE LandCover) ............................................................................................................................ 

Plant management………………………………........................................................................................................... 

Survey method .................. transect coordinates (GPS track)………………….………………………………………………………. 

 

MACROFAUNISTIC ANALYSIS 

n. Taxon n° counted individuals Tracks Notes 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     

16     

17     

18     

19     

20     
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FRESHWATER FISHES SURVEY CARD 

 

RIVER SITE (City and Province) DATE 

   

SITE (name and number) SITE COORDINATES FORECAST 

  T (air) 

HEAD OPERATOR TEAM (N. operatorS)   

 
ELETTRO. GUADIN. SECCHI SUPPORT. Cloudness 

      

MODEL OF ELECTROSTUNNER 
Width of active 

riverbed 
Width of wet riverbed Rain 

 

    

Width of qual. 
transect.. 

Length of qual. transect. Wind 

AN. (forme e Ø) CAT. (type, length and  

Ø) 
    

  
O2 pH T (water) Conduct. Vis.  

      

ELETTROST. PARAMETERS Trait 
Starting 

time 
Ending 
times 

N. 
individuals 

NOTES 

V  Kw peak 
Freq. 
(Hz) 

1     

    2     

    
New 

species 
     

MESOHABITAT 
Dams/islands NOTES 

Ponds Smooth Streams Rocks rapids Jumps Falls 

         

DEPTH 
SHADE 

IDROCARBS 
FOAMS. 

VEHICLES IN RIERBED  

≤20 21-40 41-60 61-80 >80 PAST PRESENT  

          

SUBSTRATE 

ROCK MGL>40cm MAC20-40cm MES6-20cm MIC2-6cm 
GRA0,2-

2cm 
SAND6µ-

2mm 
SILT<6µ ARTIFICIAL M.emerg 

          

FLOW TYPES 

Fall  Slide 
Broken 
waves 

Intact 
waves 

Chaotic flow Ridged bubbles Smooth Still Dry 

          

VEGETATION ORGANIC MATTER fine 
deposit 

 

 Filam. 
Alg.. 

Felt. Alg.  
Sub. 

Macr. 
Emerg- 
Macr 

Roots Xylal CPOM FPOM  
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RIVER SITE (NAME AND CODE) DATE N. SHEET 

    

NOTES 

ID SP./SEG./PASS. L W ID SP./SEG./PASS. L W ID/NOTES 

1    25     

2    26     

3    27     

4    28     

5    29     

6    30     

7    31     

8    32     

9    33     

10    34     

11    35     

12    36     

13    37     

14    38     

15    39     

16    40     

17    41     

18    42     

19    43     

20    44     

21    45     

22    46     

23    47     

24    48     

25    50     
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MARINE FAUNA SURVEY CARD 

 

REGION CITY SITE DATE TIME 

          

TRAP (name and code) TRAP COORDINATES (from starting point) FORECAST 

    T (air) 

OPERATORE/I (nome, cognome)   

  
Cloudiness 

  

PHYSICO-
CHEMICAL 

PARAMETERS  

O2 pH T 
(water) 

Salinity Conduct. 
Rain 

  

          
Wind 

  

INDIVIDUI CATTURATI 

ID Species Weight  Dimensions Sex Notes 

1           

2           

3           

4           

5           

6           

7           

8           

9           

10           

11           

12           

13           

14           

15           

16           

17           

18           

19           

20           

21           

22           

23           

24           

25           

26           
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27           

28           

29           

30           

31           

32           

33           

34           

35           

36           

37           

38           

39           

40           

41           

42           

43           

44           

45           

46           

47           

48           

49           

50           
 


