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1 ABSTRACT 
This action is dedicated to control the spread of alien invasive species in the project sites. 

Alien species control was carried on in all the selected sites SPA Fiume Toce (IT1140017), SPA Lago di 

Mergozzo and Montorfano (IT1140013) and SCI Fondo Toce (IT1140001). The control activities were 

improved mainly in the channel (Fondotoce channel) connecting Lake Mergozzo (SPA Lago di Mergozzo 

and Monte Orfano) with Lake Maggiore (SCI Fondo Toce), in particular to avoid the spread of the invasive 

Silurus glanis and to reduce as much as possible the abundance of the pumpkinseed Lepomis gibbosus, 

the black bullhead Ameiurus melas (listed as alien species of Union relevance) and ruffe Gymnocephalus 

cernua. 

Baselines to assess the efficacy of the control activities were set based on previous monitoring and 

investigation.  

The capture techniques were based on the use of different gears, such as trap nets and electrofishing. 

The combination of different gears enabled to captured alien non-native species and to release native 

species as soon as they were taken.  

After five years of eradication activity, a total of 29067 individuals were eradicated, including non-native 

fish, turtles and crayfish, for a total biomass of 874.9 Kg. More specifically, in the channel between Lake 

Maggiore and Lake Mergozzo 27850 individuals were eradicated, for a total biomass of 795.5 kg, whilst 

in the Toce River a total of 1223 fish were caught with a total biomass of 79.5 kg.  

In the Fondotoce channel the number of invasive species markedly decreased in the catches (Silurus 

glanis = -99%; Ameiurus melas = -70%; Lepomis gibbosus = -66%; Gymnocephalus cernua = -50%), and 

the results of the eradication activity seem quite good. In the project sites along the Toce River the total 

number of brown trout Salmo trutta also decreased but not as much as planned. Indeed, the decrease 

was about -32% instead of 50%. This is probably due to the drift of fishes from tributaries, where the 

stocking of brown trout is still carried on by private holders of hydropower rights as environmental 

compensation and by local fishing associations. 
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2 INTRODUCTION 
The action C.5 is dedicated to control the spread of alien invasive species in the project sites. 

According to the project proposal, the target of control activities were non-native fish and crayfish included 

in the following table (Table 1).  

In particular, two species are the target for the activities in SPA Fiume Toce (IT1140017), whilst seven 

species in the SPA Lago di Mergozzo and Montorfano (IT1140013) and in the SCI Fondo Toce 

(IT1140001).  

Among them, the pumpkinseed Lepomis gibbosus and the black bullhead Ameiurus melas are included 

in the EU list of invasive species of Union relevance (EU Regulation 1143/14).  

Moreover, Silurus glanis is absent from this list because its native geographical distribution lies in EU 

territories. Nevertheless, the wels catfish Silurus glanis is considered as an alien invasive species in Italy 

whose spread is of great concern. 

 

Tab. 1 – Target species and project eradication area. 

SPA IT1140013 
Lago di Mergozzo and Montorfano  
SCI IT1140001 
Fondo Toce 
 

wels catfish 
Silurus glanis 

 
SPA IT1140013 
Lago di Mergozzo and Montorfano  
SCI IT1140001 
Fondo Toce 

Ruffe 
Gymnocephalus cernua 

 

SPA IT1140013 
Lago di Mergozzo and Montorfano  
SCI IT1140001  
Fondo Toce 

Black bullhead 
Ameiurus melas 

 

SPA IT1140013 
Lago di Mergozzo and Montorfano 
SCI IT1140001  
Fondo Toce 

Pumpkinseed 
Lepomis gibbosus 

 
SPA IT1140013 
Lago di Mergozzo and Montorfano  
SCI IT1140001 
Fondo Toce 

Crucian carp 
Carassius carassius 

 

SPA IT1140013 
Lago di Mergozzo and Montorfano  
SCI IT1140001 
Fondo Toce 

Red Swamp crayfish Procambarus clarkii 
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SPA IT1140013 
Lago di Mergozzo and Montorfano  
SCI IT1140001 
Fondo Toce 

Spynicheek crayfish  
Orconectes limosus 

 

SPA IT1140017 
Toce River 

Brown trout  
Salmo trutta 

 

SPA IT1140017 
Toce River 

Rainbow trout  
Oncorhynchus mykiss 
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3 SITES 

3.1 Lake Mergozzo and Fondotoce channel 

The Mergozzo Lake is a small sub-alpine lake located west of Lake Maggiore and is included in the Lago 

di Mergozzo and Mont’Orfano SPA (IT1140013). It is 2.5 Km long and 1 Km large with a total area of 1.8 

Km2. The maximum depth is 74 m. The catchment includes many small tributaries such as the River 

Bracchio, Rio Fighera, Rio Nibbio, Rio Bettola and Rio Albo. 

The lake is oligotrophic/ultraoligotrophic and has an high transparency during the whole year. Data 

gathered by the CNR-IRSA during its long history of research have shown a decrease of the total 

phosphorous concentrations from 10-12 µg L-1 to the present 4 µg L-1. 

The lake hosts some important fish species and some of them are listed in Annex II of Directive 

92/43/EEC: Rutilus pigus, Telestes souffia and Alosa fallax. 

In the lower part of the lake the Fondotoce channel connects the SPA Lago di Mergozzo and Mont’Orfano 

(IT1140013) and the SCI Fondotoce (IT1140001) and is the physical connection between Lake Mergozzo 

and Lake Maggiore (Fig. 1).  Consequently, it has a strategic importance as a connection pathway between 

the two water bodies. For this reason, it was chosen as a place to carry out eradication activities, to try to 

stem the damage caused by alien species in the Lake Mergozzo, which belongs to the SPA area and, also, 

is considered a reference site for the Water Framework Directive in Italy. 

 

Fig. 1 - SCI IT1140001 Fondo Toce and SPA IT1140013 Lago di Mergozzo and Mont’Orfano. 
Fondotoce channel in blue line. 
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3.2 Toce River 

The Toce River (84 km) is the main watercourse of the Ossola Valley (Fig. 2) and is included within the 

SPA (IT1140017). The human presence is mainly restricted around towns along the valley, particularly 

between the town of Fondotoce, at the confluence of the lake, and Domodossola, located in the most 

upstream area of the SPA. The area of interest is mostly natural, with flood plains well vegetated with 

typical peri-fluvial vegetation. Limited areas are destined to agricultural productions, and along the river 

there are some industrial plants. The SPA hosted 70 bird nesting species of about 150 reported, 7 

included in the All. I of the Bird Directive. The river hosts a significant fish population, with many species 

included in the All. II of the Habitat Directive: Lethenteron zanandreai, Barbus caninus, Telestes souffia, 

Salmo marmoratus and Cottus gobio. 

 

Fig. 2 - SPA IT1140017 Fiume Toce boundaries. 

4 EXECUTION 
The control activities were organized and carried on in order to achieve the best results as possible, 

according to the different characteristics of the sites (Fondotoce channel and Toce River) (Fig. 3). Indeed, 

whilst in the Fondotoce channel is always possible to carry on fish samplings by a boat, the Toce River is 
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often not easily accessible, due to high water flow. For this reason, periods and number of eradication 

activities events and the techniques used were different among the two sites.  

In Lake Mergozzo and Fondotoce channel, multiple eradication actions were done by using electrofishing 

and trap nets. In particular, three types of fish trap were tested and used in the five years of activity: 8 

squared fish traps with wings (diameter side = 40/40 cm; wings length = 80 cm), 1 circular fish trap with 

a diameter of 60 cm and 1 circular fish trap with a diameter of 90 cm (Fig. 4). 

Instead, the sampling with electrofishing that was conducted by using a built-in-frame EL64GII (Scubla 

Aquaculture, 7,000 W, 600 V, DC current) set up with a copper cathode (width 2.5 cm, length 300 cm) 

and steel ring anode (thickness 0.8 cm, diameter 50 cm). Electrofishing was been done by a boat. 

A total of 98 eradication actions have been done in the Fondotoce channel. 

 

 
 
In the Toce River, during the whole period of eradication action activities C5, samplings were conducted 

over all seasons and only with electro-fishing method.  

  

Fig. 3 – Different type of sites. A): Fondotoce channel, B): Toce River. 

A  B 

 

 

 

Fig. 4 - Different types of trap net, used during five years of activity, A): squared fish trap with wings (40 cm), B): 
circular fish trap (60 and 90 cm). 

A) B) 
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The field activity was often affected by changes in environmental conditions (e.g., snow melting in late 

spring, high water level and flow and prohibitive river access in occasion of heavy rain events). For these 

reasons efforts were mostly concentrated in the central and upper part of the Toce River where water 

depth, transparency and access points are favorable also after rain events. 

Eradication activities were carried on both during dedicated days and during the execution of other 

actions in the project sites such as preliminary investigations (A2) or campaigns for the collection of 

spawners of S. marmoratus. (C2).  

Electric fishing was conducted along transects (average length was 310 ± 332 m), from the bank when 

the water depth was more than 1 m or within the river bed when water depth was less than 1 m (wadable 

conditions).  

4.1 Lake Mergozzo and Fondotoce channel 

During the first year of the project, 10 trap nets were placed along L. Mergozzo shoreline (from 21th 

September 2017 to 23th November 2017). An additional campaign of electric fishing was carried on but 

without success since only a few small fish were capture along the littoral zone. For these reasons, in 

order to increase the effectiveness of control activity, the activities in the lake were abandoned and most 

of the capturing actions were addressed and concentrated within the Fondotoce channel, testing different 

fish traps and using electric fishing.  

During the second year of activity, have been totally placed 10 squared fish traps with wings amplitude 

of 40 cm (Fig. 5, red point), 2 squared fish traps (amplitude of 120 cm - Fig. 5, red square) and two 

circular fish traps with an amplitude of respectively 60 (Fig. 5, red triangle) and 90 cm (Fig. 5, red star). 

Squared fish traps with wings have been used from 5th June 2018 to 8th November 2018 (Fig. 5, Red 

Point). They were moved first to the sub-littoral area of L. Mergozzo, where no livestock was recorded, and 

then placed in further downstream station of the channel (Fig. 5, yellow point). 

The squared fish traps (Fig. 5, red square) were removed for the period of December (2018) since the 

relationship between capture effort and the performance was not satisfactory, and were relocated in the 

same sites on 8th January. However, traps were removed on 1st April 2019 after an exceptional flood of 

the channel, which has broken them and moved away almost to the end of the channel.  
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The circular 60 and 90 fish trap have been more effective in reducing alien fish species than the other 

traps tested. Then, they have been posed on June 5th 2018 and they worked for all seasons (Fig. 5, 

triangle and red star).  

The largest fish trap (90 cm) was removed from 1th September 2020 when the water level in the channel 

was too low. The circular 60 fish trap are used until 2021 season. 

 

Fig. 5 – In the map are figured the sampling points in the Mergozzo channel: red circle = squared fish trap (40 cm); 
red square = squared fish trap (120 cm); red triangle = circular fish trap (60 cm); red star = circular fish trap (90 cm); 
yellow point = downstream sampling point. 

 

Electrofishing samplings were carried out mainly during summer when the fish abundance was higher or 

when the water level in the channel was enough high to enable the use of the boat to handle the traps. 

Usually, all the channel (from the mouth in L. Maggiore to the upper part close to L. Mergozzo) was 

sampled with electrofishing. However, in case of extremely low water levels (such as in 2021) the 

activities were carried on only in the upper part, close to L. Mergozzo. Only in 2021, when the water level 

was very low the upper part of the channel was sampled from the shore (Fig. 5, yellow point).  
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4.2 Toce River 

During five years of activity, the Toce River has been sampled 42 times. The sites were chosen mainly in 

relation to their practicability and in order to avoid some unfavorable and dangerous conditions for 

electrofishing activities like high water flows. Sampling points are indicated in the following figure 6. 

 

Fig. 6 – In the map are figured the sampling points in the Toce River for the eradication activity C.5. 
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5 RESULTS 

5.1 Fondotoce channel 

The eradication activity started in 2017 and continued until 2021. A total of 98 sampling surveys were 

carried out and 27850 individuals were removed with fish traps and electrofishing for a total of about 

795.5 kg. The results of the campaigns are summarized in in Table 2) 

Table 2 - Resume of fish sampling (Electrofishing and Fish traps), total individual number and 
biomass of alien fish species eradicated in Mergozzo channel (Fondotoce area). 

Method Electrofishing Fish traps Tot. 
N° of sampling survey 17 81 98 

N° fish sampled 12948 14901 27850 
Biomass Eradicated (Kg) 151.5 643.1 795.5 

 

Overall, the fish assemblage consists mainly of non-native species. The black bullhead Ameiurus melas 

was the most abundant species, both in abundance (82.9%) and in biomass (71.3%) (Fig. 7).  

The number of individuals caught during the third year of activity (n. 711) decreased significantly in 

comparison with the first (n. 6936) and second year (n. 11215). In 2020 the total catch number of 

decreased drastically (only n. 478 specimens) and raised during 2021 (up to n. 3738). Consistently, the 

total biomass of fish caught in the third year was 18 kg, a very low value compared to that of the first (54 

Kg), second year (420 Kg) and fourth year (66.9 Kg).  The exceptional high number of catches (as it can 

be seen in the year 2018; total biomass 587.6 Kg) is  

Table 3 - Resume of fish sampling effort (Electrofishing and Fish traps), total individual 
number and biomass of alien fish species eradicated in Mergozzo channel (Fondotoce area) 
per year. 

Year Electrofishing Fish traps Biomass (g) N° ind. 
2017 10 4 72.8 7592 
2018 1 47 587.6 12567 
2019 1 19 31 1550 
2020 0 9 7.9 506 
2021 5 2 96.3 5634 

 

Other fish species were also common during the field activities as roach (Rutilus rutilus) and 

pumpkinseed (Lepomis gibbosus) that were most abundant (respectively 8.1% and 5.5% of the total 

number of fish).  
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Considering the two different sampling methods it seems that fish traps gave better results for some 

species (e.g., Ameiurus melas, Silurus glanis and Trachemys sp.). We point out that Electrofishing 

sampling was a better solution for other species with different ecological features as for roach (Rutilus 

rutilus). As we have seen in the past years the capture efficiency of the nets for roach was low if compared 

with electrofishing method (n° of roach in fish trap = 262; n° of roach with electrofishing = 1269) then 

it can be assumed that it moves mainly along the edges of the channel and not in the central area, where 

it would easily catch. 

The pumpkinseed was caught easily with both methods: 1084 and 1183 fish sampled with electrofishing 

and traps. The total abundance and biomass of pumpkinseed removed were respectively of 8.1% and 

6.3%. 

The wels catfish represents less than 0.2% of the abundance (in fact only 58 individuals have been 

caught), but given their relatively large size they represent about 1% of the entire biomass. 

 

Fig. 7 - Percentage abundance (left) and percentage biomass (right) of non-native fish, crayfish and turtle 
species catch with fish trap during 5 years of activity. 

In the last year of activity a few specimens (18) of new alien species have been sampled, the oriental 

weather loach Misgurnus anguillicaudatus, 

Places, dates and biomasses of alien invasive fish, crayfish and turtle species that have been removed 

(Fig. 8) during five years of activity are indicated in the tables (from table 4 to table 8) per year. 

 

 

Tab. 4 - Number and biomass of alien species captured in the Fondotoce area during 2017 season. Method of sampling: 
E = electrofishing, T = fish trap; a total of 14 sampling surveys were carried out (10 with electrofishing and 4 with fish 
trap). 
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Season Place Method Species Biomass (g) n° Ind 

2017 Fondotoce E 

Ameiurus melas 29237.24 6096 

Gymnocephalus cernua 39.76 2 

Lepomis gibbosus 3498.43 294 

Micropterus salmoides 256.38 6 

Rhodeus amarus 17.02 4 

Rutilus rutilus 4653 315 

Carassius sp. 5808 7 

Sander lucioperca 5 1 

Silurus glanis 37 2 

Trachemys sp. 3980 8 

Orconectes limosus 260 6 

2017 Fondotoce T 

Ameiurus melas 24781.5 840 

Lepomis gibbosus 127 6 

Rutilus rutilus 30 3 

Carassius sp. 51 2 

   TOTALE 72781.33 7592 
 

Tab. 5 - Number and biomass of alien species captured in the Fondotoce area during 2018 season. Method of sampling: 
E = electrofishing, T = fish trap; a total of 48 sampling surveys were carried out (1 with electrofishing and 47 with fish 
trap). 

Season Place Method Species Biomass (g) n° Ind 

2018 Fondotoce E 
Ameiurus melas 1081.29 26 

Lepomis gibbosus 39 1 

2018 Fondotoce T 

Ameiurus melas 418709.26 11189 

Gymnocephalus cernua 822.63 53 

Lepomis gibbosus 127 6 

Micropterus salmoides 5828.5 7 

Rutilus rutilus 2145.3 116 

Carassius sp. 776.81 9 

Sander lucioperca 275 3 

Silurus glanis 5084.47 40 

Trachemys sp. 120016 94 

Pseudemys sp. 849 1 

Gobio gobio 19 1 

Orconectes limosus 232 11 

   TOTALE 587552.36 12567 
 

Tab. 6 - Number and biomass of alien species captured in the Fondotoce area during 2019 season. Method of sampling: 
E = electrofishing, T = fish trap; a total of 20 sampling surveys were carried out (1 with electrofishing and 19 with fish 
trap). 
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Season Place Method Species Biomass (g) n° Ind 

2019 Fondotoce E 

Ameiurus melas 2360 61 

Gymnocephalus cernua 34.99 3 

Lepomis gibbosus 191.37 7 

Rhodeus amarus 8 2 

Rutilus rutilus 3847.16 493 

Gobio gobio 48.34 3 

Silurus glanis 296.56 2 

2019 Fondotoce T 

Ameiurus melas 17649 650 

Gymnocephalus cernua 491.42 32 

Lepomis gibbosus 2682.5 140 

Micropterus salmoides 66 1 

Rutilus rutilus 1921.5 143 

Carassius sp. 30 2 

Silurus glanis 402 2 

Trachemys sp. 843 1 

Orconectes limosus 215 8 

Salmo trutta 100 1 

   TOTAL 31036.8 1550 
 

Tab. 7 - Number and biomass of alien species captured in the Mergozzo channel (Fondotoce area) during 2020 season. 
Method of sampling: E = electrofishing, T = fish trap; a total of 9 sampling surveys were carried out (all with fish trap). 

Season Place Method Species Biomass (g) n° Ind 

2020 Fondotoce T 

Ameiurus melas 6442.8 478 

Gymnocephalus cernua 45.8 3 

Lepomis gibbosus 257.7 13 

Carassius sp. 113 2 

Silurus glanis 1006.1 2 

Trachemys sp. n/a 7 

Orconectes limosus n/a 1 

   TOTALE 7865.4 506 
 

 

 

Tab. 8 - Number and biomass of alien species captured in the Fondotoce area during 2021 season. Method of sampling: 
E = electrofishing, T = fish trap; a total of 7 sampling surveys were carried out (5 with electrofishing and 2 with fish 
trap). 

Season Place Method Species Biomass (g) n° Ind 

2021 Fondotoce E Ameiurus melas 66668.98 3727 
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Gymnocephalus cernua 442.52 139 

Lepomis gibbosus 11633.6 782 

Micropterus salmoides 1554 89 

Rhodeus amarus 119.62 54 

Rutilus rutilus 1895.06 461 

Carassius sp. 12531.94 319 

Sander lucioperca 227 3 

Silurus glanis 374.5 9 

Orconectes limosus 135 8 

Misgurnus anguillicaudatus 303.7 18 

2021 Fondotoce T 

Ameiurus melas 261 11 

Gymnocephalus cernua 21.5 2 

Lepomis gibbosus 77.5 8 

Rhodeus amarus 21.5 2 

Rutilus rutilus 30 3 

Carassius sp. 51 2 

Silurus glanis 26 1 

Orconectes limosus n/a 1 

   TOTALE 96158.42 5625 
 

 

A B C 

Fig. 8 – A): Black bullhead (Ameiurus melas), B) Alien slider turtles (Trachemys scripta); C): American crayfish 
(Orconectes limosus). 
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5.2 Toce River 

The activity of invasive species reduction started in 2017 in the Toce River. To date, only three species 

have been removed: brown trout (Salmo trutta), rainbow trout (Oncorhynchus mykiss) and roach (Rutilus 

rutilus) (Fig.9).  

In particular, 1205 brown trout (biomass = 75400 g), 12 rainbow trout (biomass = 4036 g) and 6 roach 

(biomass = 118 g) were caught, corresponding respectively to 94.3%, 5.5% and 0.2% of the total biomass 

removed (Fig. 10). 

Places, dates and biomasses of alien invasive fish removed during the whole eradication period are set 

out in table 9. 

      

Tab. 9 – Number and biomass of alien species captured in third year of activity. E = electro-fishing. 
 

Date Place Method Species Biomass (g) n° 
Ind. 

10/03/2017 Toce River E Salmo trutta 189 5 
04/04/2017 Toce River E       Salmo trutta 

Oncorhynchus mykiss 
              151 

97 
        3 

1 
26/05/2017 Toce River E Salmo trutta 191.7 3 
08/06/2017 Toce River E Salmo trutta 976.7 26 
20/06/2017 Toce River E Salmo trutta 8638.3 119 
27/06/2017 Toce River E Salmo trutta 1757.1 45 
25/10/2018 Toce River E          Salmo trutta 

Oncorhynchus mykiss 
            1757 

1060 
        8 

3 
28/06/2019 Toce River E Salmo trutta 626 12 
07/10/2019 Toce River E Salmo trutta 903 6 
08/10/2019 Toce River E Salmo trutta 363 9 
05/11/2019 Toce River E Salmo trutta 

Oncorhynchus mykiss 
381 
660 

7 
2 

18/11/2019 Toce River E Salmo trutta 463 8 
28/11/2019 Toce River E Salmo trutta 

Oncorhynchus mykiss 
1272 
192 

18 
1 

09/12/2019 Toce River E Salmo trutta 1628 15 
29/01/2020 Toce River E Salmo trutta 4036 61 
24/02/2020 Toce River E Salmo trutta 1938 33 
25/02/2020 Toce River E Salmo trutta 

Oncorhynchus mykiss 
965 
90 

16 
1 

27/02/2020 Toce River E Salmo trutta 
Oncorhynchus mykiss 

64 
505 

1 
1 

18/06/2020 Toce River E Salmo trutta 3866 24 
25/06/2020 Toce River E Salmo trutta n/a 18 
04/09/2020 Toce River E Salmo trutta 3210 180 
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10/09/2020 Toce River E Salmo trutta 175.56 14 
14/09/2020 Toce River E Salmo trutta 

Oncorhynchus mykiss 
4482 
978 

142 
2 

16/09/2020 Toce River E Salmo trutta 2842 148 
12/12/2020 Toce River E Salmo trutta 6620.62 25 
22/01/2021 Toce River E Salmo trutta 30.8 2 
28/01/2021 Toce River E Salmo trutta 1569.3 14 
16/02/2021 Toce River E Salmo trutta 1652.6 10 
26/04/2021 Toce River E Salmo trutta 1600 37 
28/04/2021 Toce River E Salmo trutta 2153.2 25 
06/05/2021 Toce River E Salmo trutta 

Oncorhynchus mykiss 
612 
454 

15 
1 

13/05/2021 Toce River E Salmo trutta 2157 40 
26/05/2021 Toce River E Salmo trutta 1587 35 
27/05/2021 Toce River E Salmo trutta 94 5 
10/06/2021 Toce River E Salmo trutta 4160 13 
16/06/2021 Toce River E Salmo trutta 910 8 
21/06/2021 Toce River E Salmo trutta 261 2 
25/06/2021 Toce River E Salmo trutta 163 2 
19/10/2021 Toce River E Salmo trutta 7929 13 
28/10/2021 Toce River E Salmo trutta 1671.8 14 
04/11/2021 Toce River E Salmo trutta 2323 34 
08/11/2021 Toce River E Salmo trutta 3000 1 

   TOTAL AMOUNT 79369.98 1216 

 

Fig. 9 – A) Salmo trutta, B) Rainbow trout. 
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Fig. 10 - Percentage abundance (left) and percentage biomass (right) of non-native fish species catch. 

 

5.3 Five Years activity  

Considering the 5 years of sampling, a total of 29067 individuals were captured. The catches, in addition 

to fish fauna, also include turtles (Trachemys sp., Pseudemys sp.) and crayfish (Orconectes limosus). 

The most abundant species is black bullhead (Ameiurus melas), which represents 79.4% of the sample, 

followed by pumpkinseed (Lepomis gibbosus) 7.8%, roach (Rutilus rutilus) 5.2%, brown trout (Salmo 

trutta) 4.1% and crucian carp with 1.2% (Carassius sp.) (Tab. 10). 

All the other species sampled have an abundance less than 1%. 

Tab. 10 - abundance and biomass in the three years of activity 

Species N° Ind. Biomass (Kg) 
Ameiurus melas 23078 567.2 
Lepomis gibbosus 2267 50.2 
Rutilus rutilus 1531 14.5 
Salmo trutta 1205 75.4 
Gymnocephalus cernua 234 1.9 
Silurus glanis 58 7.2 
Trachemys scripta scripta 41 57.6 
Trachemys scripta 41 31.5 
Orconectes limosus 35 0.8 
Trachemys scripta elegans 25 32 
Carassius sp. 341 19.3 
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Micropterus salmoides 103 7.7 
Oncorhynchus mykiss 12 3.9 
Rhodeus amarus 62 0.1 
Sander lucioperca 7 0.5 
Gobio gobio 4 0.06 
Misgurnus anguillicaudatus 18 0.3 
Trachemys scripta troostii 3 3.6 
Pseudemys sp. 1 0.8 

TOTAL 29067 874.9 
 

 

The same trend can be seen, considering biomass of fish fauna only. Turtles were excluded in this analysis 

because they have high biomass which can invalidate the results (Fig. 11). In total 749.2 kg of fish were 

collected, and the black bullhead has the greatest biomass (75.7%), followed by brown trout (10%), 

pumpkinseed (6.7%), crucian carp (2.6%), roach (1.9%) and largemouth bass (1%). The other species 

have relative abundances less than 1%. Among these there is also ruffe, because even if present with a 

fairly large number of individuals, it has low biomass, due to its small size. 

 

 

Fig.11 - Biomass percentage of non-native fish species catch during the three years of activity. 

 

The trend for the three years of activity of catches in the Fondotoce channel was analyzed considering 

the most abundant species (black bullhead, roach, pumpkinseed, wels catfish and ruffe) (Fig. 12). 
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All species, except roach and ruffe, have an initial peak in catches which then settles down in a plateau, 

which means that the number of catches decreases and eventually stopped. 

In particular, for black bullhead, pumpkinseed and wels catfish the increase in catches with fish traps 

begins between the first and second year. For the first two species there is an initial peak given by 

sampling with electrofishing. 

As for the roach, the largest number of specimens was captured with the use of electrofishing. 

The number of catches with the traps is small, in fact the trend is flat, with some peaks starting from the 

second year. 

For ruffe, the trend moves further forward, with an increase in catches starting from the second year, but 

also in this case there is a plateau in the last period where catches decrease. 
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Fig. 12 – Trend for main species in three years of activity of catches in the Fondotoce channel (fish traps and 
electrofishing). 

 

Considering the total trend of the last 5 years (Toce River and Fondotoce channel), a plateau has also 

been observed here since the end of the first year of activity. The highest catch peaks are given by 

sampling with an electrofishing. 

The same trend applies to both abundance and biomass (Fig 13). 
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Fig. 13 – Trend of the capture efforts in the Fondotoce channel and Toce River (fish trap and electrofishing). 

 

5.4 Final results 

During the eradication activity C5 we evaluated the effectiveness of some different fish traps for the alien 
fish species removal in the Fondotoce channel. We compared the NPUE (number of catches per unit 
effort) and BPUE (biomass eradicated per unit effort) for all traps tested. The total number and biomass 
of alien fish species removed has been recorded for all sampling surveys and for the all types of traps 
tested. The dimensions of the traps (e.g., dimension of trap in cm-1), the effort (e.g., the number of 
samplings), the mean personnel employed and fishing time elapsed were calculated. 

Our results showed how the circular 60 and 90 traps were more effective in reducing alien fish species 
than the other traps tested (Fig. 14). Then, from 2020 only circular 60 and 90 traps were used.  
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Fig. 14 – Evaluation of the effectiveness of different traps used for the C5 action (Rimov trap 60 results are highlighted 
in green circle); left. A Rimov trap; right.  

  

The result in the fight against alien fish species was estimated as the % decrease of the catch per unit 
effort (CPUE) during the 5 years project for the target species. Below in the table (Table 11), are resumed 
the baselines calculated for all invasive species of interest at the beginning of the project and the 
expected and achieved values at the end of the project. 

 

Tab. 11 - abundance and biomass in the three years of activity. 

Species N°ind/m-1 
(Baselines) 

% expected 
(Baselines) 

N°ind/m-1 (project 
end) 

% achieved (project 
end) 

Salmo trutta 0.19 -50% 0.12 -32% 

Oncorhynchus mykiss 0.001 n/a 0.00050 -50% 

Silurus glanis 0.0022 -80% 0.00002 -99% 

Ameiurus melas 0.65 -80% 0.19 -70% 

Lepomis gibbosus 0.03 -80% 0.012 -60% 

Gymnocephalus 
cernua 

0.0002 -80% 0.0001 -50% 

Carassius sp. 0.0007 -80% 0.0014 +110% 

 

The aim to reduce at least of 80% the CPUE of alien species in the outlet of Lake Mergozzo was reached 
only for Silurus glanis. However, almost all the invasive species are subjected to a decrease in number of 
individuals. In any case, the action of eradication has been effective for the reduction of target species. 
Only crucian carp (Carssius sp.) was non-affected by the eradication activities. However, this last value 
could be probably affected by particular condition of low water level in the channel for 2021 year. Due to 
the reduction of water the fish probably decided to move toward the remnant refuges (e.g., plant roots, 
woods and rocks) where the samplings are conducted. As a result, a total of 6 electrofishing campaigns 
were done mainly inside these refuges and 95% of the total of crucian carp eradicated during the 5 years 
activities were caught. This result also suggests that other method (traps) is less effective for crucian 
carp.    

In particular certain species suffered some fishing techniques. For example, black bullhead (Ameiurus 
melas) and pumpkinseed (Lepomis gibbosus) are more sensitive to 60 and 90 Rimov trap that are 
indicated as the most suitable gears to control their spread (Fig. 15-16). 
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Fig. 15 – Evaluation of the effectiveness of different traps for black bullhead 
(Ameiurus melas). 
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Fig. 16 – Evaluation of the effectiveness of different traps for pumpkinseed (Lepomis 
gibbosus). 

 

The percentage reduction reached for Salmo trutta in Toce River was of about -32%, lower than the 
expected data of about -50%. This result could be related not only to some difficulties about the sampling 
activities as argued in the previous chapters but also to the persistence of fish introductions practiced by 
local fishermen associations. 

6 CONCLUSIONS 
Five years of eradication activity have shown a flattening of the curves of the catches indicating a 
decrease of the abundance of the alien fish species in the Mergozzo channel. The results are promising 
for the latter, indicating that in a certain type of environments, the capture activity could result in positive 
outcomes. Nevertheless, this is not the same for Toce River. Large rivers may have difficulty accessing 
the sampling point and high water flows so that catch results are worse in these environments, therefore 
more sampling effort are needed. Moreover, if the introduction practices with Salmo trutta stopped, 
eradication efforts could be more effectiveness.   


